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FOREWORD 


In  order  that  the  Collected  Papers  each  year  may  contain  an 
approximately  uniform  amount  of  material,  it  has  been  necessary 
to  omit  from  the  present  volume  a  number  of  articles  that  were 
read  before  societies  but  not  published  during  1915.  Some  of 
these  papers  are  parts  of  series  of  studies  already  published,  and 
will  be  included  among  the  Papers  of  1916.  Those  not  belonging 
to  consecutive  series  have  been  abstracted  in  this  volume. 

Mrs.  Maud  H.  Mellish 

Editor 
Rochester,  Minnesota 
June,  1916 
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TUBERCULOSIS  OF  THE  TONGUE* 

LUIGI    DURANTE 


As  deduced  from  autopsy  reports  and  clinical  records,  tuber- 
culosis of  the  tongue  is  infrequent.  Willigk,'  in  1317  necropsies 
of  tuberculous  subjects,  found  tuberculous  lesions  in  the  tongue 
twice  only;  Fowler,'  in  38^  autopsies,  found  it  4  times;  Fischer,* 
3  times  in  1500;  Chiari,*  H  times  in  6«5;  and  Adami,*  in  417 
autopsies  of  tuberculous  cases,  found  none. 

In  statistics  on  pulmonar>'  tuberculous  lesions  in  German 
sanatoria  Hamel*  records  one  case  of  tuberculosis  of  the  tongue 
in  H,369  subjects.  Von  Ruck^  gives  the  frequency  of  0.38  per 
cent,  in  tuberculous  subjects  deduced  from  a  material  of  5000 
patients  studied  in  Winyah  Sanatorium. 

Literature  covering  the  contributions  to  the  casuistics  col- 
lected by  Dalla  Vedova*  previous  to  1906,  and  by  me  from  January 
1,  1901,  to  October  iO,  1915,  comprises  about  ^50  cases  of  primary 
and  secondary  tuberculosis  of  the  tongue,  some  of  which  are 
recorded  without  anatomicoclinical  details.  Blancard's*  article 
reporting  three  interesting  cases  is  the  latest  contribution. 

The  reason  of  the  relative  infrequency  of  tuberculous  lesions  of 
the  tongue,  an  organ  so  near  the  source  of  infection,  is  probably 
due  to  two  factors:  (1)  To  the  particular  structure  of  the  lingual 
mucosa  which  resists  the  direct  penetration  of  the  Bacillus  tuber- 
culosis; and  (2)  to  the  natural  resistance  which  all  striated  muscles 
present  to  the  lodgment  of  the  bacilli.  This  resistance  has  been 
attributed  by  certain  writers  to  antibacterial  and  antitoxic  action, 
accentuated  or  reinforced  by  glycogen.     It  acts  against  micro- 

•  Submitted  for  publication  October  28,  1915.  Reprinted  from  the  AnnaU  of 
Surgery*  ^916,  btiii,  14S-154. 
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4  LUIGI   DURANTE 

organisms  in  general  and  against  the  Bacillus  tuberculosis  in 
particular,  as  was  demonstrated  in  vitro  by  Teissier.  ^°  It  has  also 
been  ascribed  to  the  continuous  fibrillation  which  obstructs  the 
attack  of  the  bacilli.  Nevertheless,  though  the  facts  are  indis- 
putable, its  fundamental  reason  remains  obscure. 

The  larger  proportion  of  these  cases  occur  between  the  twen- 
tieth and  fiftieth  year;  rarely  above  the  latter  age,  though  the 
case  reported  by  Zintsmaster"  was  in  the  eightieth  year.  One 
case,  that  of  Reimann,**  occurred  at  nineteen  years.  None  are 
recorded  as  having  occurred  in  infancy,  the  age  in  which  tuber- 
culous lesions  are  so  frequent  and  wide-spread. 

These  considerations  seem  to  justify  the  deduction  that  the 
tuberculous  process  in  the  tongue  is  assisted  by  the  causes  common 
to  middle  age,  such  as  trauma  of  the  mucosa  by  the  stem  of  a 
pipe,  by  carious  teeth,  by  toxic  glossitis,  etc.,  and  these  causes, 
more  frequent  among  men,  explain  the  greater  frequency  of 
tuberculosis  of  the  tongue  among  men.  Chvostek's*'  statistics 
show  1  woman  to  every  4  men;  Schiiferowitsch's  **  show  1  in  5; 
Dela van's  **  show  1  in  23. 

The  routes  by  which  tuberculosis  localizes  itself  in  the  tongue, 
though  theoretic,  are  reducible  to  certain  organs:  (1)  By  the  blood- 
vessels; (2)  by  the  lymphatics;  (3)  by  direct  infection,  and  (4)  by 
extension.  Practically  these  routes  cannot  always  be  determined 
and  the  frequency  of  infection  by  a  given  route  can  be  determined 
with  scientific  precision  only  with  diflSculty.  Also,  in  cases  in 
which  the  lesion  of  the  tongue  represents  the  late  secondary 
localization  of  a  primary  bronchopulmonary  tuberculous  process 
it  is  always  dubious  to  affirm  or  exclude  by  which  of  these  routes, 
whether  by  the  blood-vessels,  the  lymphatics,  or  by  direct  in- 
oculation by  way  of  the  excretion,  the  bacilli  have  reached  the 
lingual  focus.  All  three  routes  are  possible,  but  no  one  character 
of  the  clinical  course  or  of  the  microscopic  findings  permits  a  sure 
differentiation.  The  fourth  route,  which  I  have  stated  as  theoret- 
ically possible,  that  of  the  extension  to  the  tongue  by  continuity 
of  a  tuberculous  process  in  a  neighboring  region,  I  have  not  found 
recorded  in  the  literature. 


TUBERCULOSIS   OF   THE   TONGUE  5 

The  tongue  is  one  of  the  first  organs  which  can  come  into 
contact  with  the  infectious  elements  by  way  of  the  air  or  by  the 
passage  of  food,  and  by  reason  of  the  diminished  vitality  of  the 
integument  in  circumscribed  areas,  determined  by  the  many 
traumatic  causes  mentioned,  can  become  primarily  the  seat  of  a 
tuberculous  lesion.  The  theoretic  possibility  of  a  primary  tuber- 
culosis of  the  tongue  is  practically  confirmed  by  two  cases  described 
by  Clarke  ^^  and  by  Schliferowitsch.^*  These  were  operated  on  for 
tuberculous  ulcers  of  the  tongue  and  died  from  other  causes. 
Tuberculous  lesions  were  not  found  in  other  organs.  Literature 
records  ^^  many  other  cases  of  "primary"  tuberculosis  of  the 
tongue,  but  this  term  should  be  accepted  in  a  clinical  sense 
only,  since  the  cases  were  not  controlled  by  autopsy. 

In  the  majority  of  cases  tuberculosis  of  the  tongue  has  a  locali- 
zation secondary  to  a  tuberculous  process  in  other  parts  of  the 
organism,  e.  g.,  in  the  anus  (Burquoy*'*)  and  in  the  epididymis 
(Weber '«). 

The  anatomic  forms  which  tuberculosis  of  the  tongue  may 
assume  do  not  represent  a  distinct  anatomic  entity,  but  often 
diverse  forms  of  the  same  evolutionary  process  or  varying  ana- 
tomic aspects  from  case  to  case,  and  from  region  to  region,  ac- 
cording to  the  virulence  of  the  bacilli  and  the  reaction  and  local 
resistance  of  the  tissues.  For  this  reason  they  have  a  clinical 
rather  than  an  anatomic  interest.  Whatever  may  be  the  final 
anatomicoclinical  form  of  tuberculosis  of  the  tongue,  the  beginning 
is  always  characterized  by  specific  connective  tissue,  new  forma- 
tion of  tuberculous  nodules,  which  may  be  localized  separately 
in  the  dermis  of  the  mucosa  or  in  the  lingual  parenchyma. 

From  this  distinct  initial  localization  of  the  tuberculous  process 
may  originate  two  clinically  different  types.  The  first,  namely, 
the  connective  tuberculous  new  formation,  if  in  the  lingual  dermis, 
assumes  characteristics  approximating  cutaneous  lupus.  It  pre- 
sents itself  initially  as  a  plaque  of  gray  color  somewhat  elevated 
above  the  surrounding  mucosa  without  inflammatory  reactions, 
and  hard  to  the  touch.  It  is  formed  by  the  grouping  of  small 
miliary  nodules  which,  if  they  preserve  th^  sclerotic  form,  are 
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Spoken  of  as  glossodermatitis  tuberculofibrosa.  Should  these 
ulcerate,  they  are  called  glossodermatitis  tuberculo-ulcerosa. 
These  two  distinct  forms  of  lingual  lupus  through  the  possible 
transition  to  another,  sometimes  assume  aspects  with  difficulty 
referable  to  a  fixed  type.  The  lupous  lesions  of  the  tongue  are 
always  accompanied  by  lupous  lesions  of  the  buccal  mucosa,  of 
the  nose,  Or  of  the  skin  of  the  face,  and  represent  a  comphcation 
not  relatively  rare.  Licht  Institute  reported  over  2000  patients 
affected  by  lupus  vulgaris  of  the  face  in  whom  lingual  lupus  was 
noted  only  15  times. 

When,  on  the  other  hand,  the  tuberculous  elements  affect 
primarily  the  parenchyma  of  the  tongue  (or  rather  the  intramus- 
cular connective  tissues  of  the  tongue,  since  the  question  arises 
whether  a  true  primary  tuberculous  myositis  ever  exists),  they 
may  coalesce  in  such  a  way  as  to  constitute  a  single  nodule, — 
nodular  tuberculosis,  confluent  tuberculosis,  granuloma  tuber- 
culare, — or,  if  they  may  be  disseminated  in  various  regions — 
disseminated  miliary  tuberculosis,  tuberculosis  nodulare,  multiple 
or  gummatous. 

Each  form,  though  the  confluent  more  readily  than  the  dis- 
seminated, may  maintain  its  anatomic  individuality  for  months 
and  years,  and  simulate  a  neoplastic  lesion  or  the  localization  of 
tertiary  lues.  It  tends  in  the  early  stage  to  caseous  necrosis, 
becoming  fluctuating  (cold  abscess  of  the  tongue)  and  opening 
to  the  surface  with  the  formation  of  a  large  ulcer  or  a  fistulous 
opening.  The  typical  tuberculous  ulcer  has  irregular  margins, 
sinuous,  soft,  and  reddened,  with  a  soft  yellow  base.  It  is  sur- 
rounded by  easily  bleeding  granulations.  It  may  appear  in  any 
region  of  the  tongue,  but  with  more  frequency  on  the  margins  and 
tip.  The  adenitis  which  accompanies  it  is  often  bilateral  and 
slightly  painful  to  pressure. 

From  a  review  of  the  clinical  history  one  deduces  that  the 
persistence  of  the  two  clinical  individualities,  the  nodular  form  and 
the  ulcerative  form,  is  influenced  by  the  condition  and  the  course 
which  the  tuberculous  infection  assumes  in  other  parts  of  the  body 
of  which  the  lingual  lesion  is  generally  a  secondary  localization. 
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The  form  which  for  most  of  the  time  maintains  the  nodular  type, 
single  or  multiple,  accompanies  a  tuberculous  infection,  generally 
of  the  lung,  with  a  slow  course,  not  destructive,  or  is  an  indirect 
primary  form.  The  forms  which  tend  rapidly  to  caseous  necrosis 
are  habitually  concomitant  with  and  secondary  to  deep  and  de- 
structive lesions  of  other  organs. 

Literature  records  still  another  form  of  tuberculosis  of  the 
tongue,  of  a  verrucose  (Fran^is-Dainville  ^)  or  papillomatous 
type  (Danlos  and  Levy-FrankeP*),  so  called  from  the  aspect  which 
the  mucosa  may  assume  when  its  papillse  become  infiltrated  by  a 
tuberculous  granuloma  of  the  lymphoid  type.  There  has  never 
been  described  in  the  tongue  the  type  of  inflammatory  hypertrophic 
tuberculosis  of  a  pseudoneoplastic  character  found  in  the  smooth 
musculature  of  the  pylorus,  of  the  cecum,  and  in  striated  muscles. 

The  result  of  the  search  for  the  bacillus  of  Koch  in  tuberculous 
glossitis  is  usually  positive;  though  sometimes  in  cases  of  undoubted 
tuberculosis  of  the  tongue  it  may  be  negative  (Dalla  Vedova,* 
Campbell,**  Trimble,*^  Schliferowitsch  **).  In  order  to  exclude  the 
presence  of  the  specific  bacteria  in  the  affected  tissues  it  is  nec- 
essary to  supplement  the  biologic  test  by  the  use  of  both  Ziehl- 
Neelson's  and  Gram's  methods  of  staining.  We  know,  in  fact, 
following  the  works  of  Mircoli,*'  Much,**  Constantini,**  etc.,  that 
contemporaneously  with  the  morphologic  variability  of  the  Bacil- 
lus tuberculosis  its  chemical  properties  and  staining  reactions 
vary  also.  There  exists,  indeed,  a  species  of  Bacillus  tuberculosis 
of  the  typical  form  of  rod  which  does  not  stain  by  Ziehl's  method 
but  does  stain  by  the  prolonged  method  of  Gram;  and  a  granular 
form  which  has  a  chromatin  affinity  exclusively  for  the  Gram  stain. 

The  symptoms  of  lingual  tuberculosis  vary  following  the 
anatomic  form  which  it  assumes  and  following  its  stage  of  evolu- 
tion. The  characteristics  of  tuberculous  infection  in  all  the  organs, 
the  absence  of  subjective  disturbance  in  the  initial  stage  of  the 
lesion,  marks  the  beginning  of  tuberculosis  of  the  tongue  which 
develops  slowly  and  almost  painlessly  until  it  assumes  the  ul- 
cerative form.  At  this  stage  there  is  an  abundant  salivation 
(ptyalism)  from  the  specific  reflex  secretory  stimuli  j>ertaining  to 
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the  ulcerated  surface  and  mild  spontaneous  tenderness  through 
the  diffusion  of  the  inflammatory  process  to  the  lymphatic  sheaths 
of  the  nerve  filaments  and  through  the  pain  due  to  the  passage 
of  food.  Such  pain,  together  with  the  inflammatory  condition, 
often  limits  the  normal  mobility  of  the  tongue  on  account  of  the 
facility  with  which  it  is  complicated  by  secondary  infection,  ac- 
companied early  by  a  somewhat  painful  regional  adenopathy. 
This  adenopathy  in  general  is  absent  in  the  closed,  non-ulcerative 
form  of  lingual  tuberculosis. 

Diagnosis. — The  diagnosis  in  the  initial  stage  of  the  process  of 
evolution  presents  generally  great  diflSculty  when  the  attempt  at 
diagnosis  is  limited  to  the  direct  physical  findings.  A  review  of 
the  literature  in  this  connection  impresses  one  with  the  frequency 
with  which  tuberculosis  of  the  tongue  is  confused  with  epithe- 
liomatous  neoplasm  or  with  tertiary  lues.  The  first,  most  common, 
diagnostic  error  in  this  connection  has  often  led  to  the  amputation 
of  the  tongue  and  to  the  accompanying  complementary  operations 
of  the  neck,  as  in  cases  reported  by  Albert,*®  Hansemann,*^  Bull,^ 
Dalla  Vedova,^  Euteneurer.*^  The  second  diagnostic  error  leads 
to  mercurial  treatment,  which  has  been  actually  employed  in 
180  reported  cases. 

Lupus  of  the  tongue,  in  whatever  aspect  it  presents  itself,  is 
not  difficult  to  diagnose.  It  may  be  confused  with  the  papillary 
or  ulcerative  lesions  of  lues;  but  the  generic  criteria  which  serve 
to  differentiate  the  two  lesions  in  any  organ,  anamnesia,  the  trial 
of  specific  serous  methods  of  diagnosis,  therapy,  etc.,  or,  better, 
the  microscopic  examination  of  the  excised  tissue,  will  serve  to 
make  the  differentiation. 

All  the  other  forms  of  lingual  tuberculosis  present  serious  diffi- 
culties unless  recourse  be  had  to  microscopic  examination.  The 
nodular  form  of  intralingual  tuberculosis,  confluent  or  disseminated, 
in  the  beginning  is  quiet,  without  pain,  not  accompanied  by  a 
swelling  of  regional  glands,  and  is  simulated  more  frequently  by  the 
gummatous  lesions  of  lues.  To  exclude  the  syphilitic  affections, 
it  should  be  noted  that  these  have  a  predilection  for  the  base  of 
the  tongue,  while  tuberculosis  elects  the  tip;  they  are  less  painful 
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than  tuberculous  granulomas  and  in  a  few  weeks  ulcerate.  Again, 
one  should  use  the  criteria  mentioned  above  in  the  differentiation 
of  the  lupous  form  from  syphilis  of  the  tongue. 

This  nodular  form  of  lingual  tuberculosis  may  also  be  confused 
with  actinomycosis,  rarely  with  fibroma,  lipoma,  or  sarcoma. 
Criteria  of  approximate  differentiation  can  be  found  if  we  remember 
the  characteristics  noted  as  pertaining  to  each  pathologic  form. 
Sure  criteria  are  difficult  to  find  if  we  do  not  employ  the  direct 
examination  of  the  tissue  of  the  tumor. 

The  ulcerative  form  of  lingual  tuberculosis,  especially  if  the 
lesion  is  primary  and  alone,  assumes  great  surgical  interest  from 
its  being  easily  confused  with  cancerous  ulcer,  because  this  is  of 
much  greater  frequency  than  the  first  and  because  both  have  a 
predilection  for  the  same  age,  the  same  sex,  and  the  same  lingual 
region.  In  typical  forms  the  two  ulcers  can  often  be  differentiated 
by  a  single  direct  examination;  but  often  the  tuberculous  ulcer 
does  not  present  the  characteristics  which  I  have  recorded,  but 
occurs  with  margins  and  with  the  base  moderately  indurated  by 
inflammatory  infiltration  (Zintsmaster,"  Dally, ^®  etc.),  sponta- 
neously painful  from  the  diffusion  of  the  inflammatory  process 
in  the  lymphatics  and  the  nerve  filaments.  In  such  a  case  it 
is  obvious  how  an  error  may  easily  take  place  because  the  dif- 
ferential characteristics,  described  for  the  two  ulcers  and  for  those 
omitted  because  they  are  intuitive,  have  substantially  an  academic 
value,  not  a  practical  one. 

It  is  therefore  not  prudent  that  the  diagnosis  of  ulcerous  lesions 
of  the  tongue  should  be  determined  by  a  single  method  or  by  the 
clinical  signs,  but  should  be  founded  on  an  accurate  histobiologic 
test.  The  removal  of  tissue  for  the  histobiologic  test  and  for  the 
inoculation  of  guinea-pigs  is  the  diagnostic  means  most  certain 
and  is  the  method  of  election  to  differentiate  the  neoplastic  lesion 
of  the  tongue  from  tuberculosis.  At  least  the-  histologic  examina- 
tion of  the  base  of  the  ulcer  in  frozen  sections  during  the  operation 
should  be  done,  thus  sometimes  preventing  greatly  destructive 
and  useless  intervention. 

Prognosis. — ^The  prognosis  is  favorable  when  the  tuberculosis 
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of  the  tongue  presents  itself  as  a  primary  and  unique  lesion;  less 
so  when  it  is  primary  but  has  a  multiple  localization.  It  is  generally 
unfavorable  when  the  lingual  lesion  presents  itself  as  a  late  locali- 
zation and  secondary  as  a  bronchopulmonary  process.  In  such 
cases  it  assumes  the  gravity  which  the  tuberculous  process  has  in 
the  principal  focus  and  does  not  follow  the  evolution. 

Treatment, — ^The  therapy  of  election,  avoided  by  previous 
authors,  has  been  operative  when  the  tuberculous  lesion  of  the 
tongue  was  single  and  circumscribed.  In  the  multiple  and  diffuse 
lesions  the  treatment  has  been  local  with  the  common  cautery. 
I  have  studied  the  following  cases  from  the  material  in  the  Mayo 
Clinic: 

Histologic   Findings.    Specimens   Fixed   in    10   Per   Cent. 

Formalin,  Blocked  in  Paraffin,  Sections  Stained  with 

Weigert-van  Gibson  and  Unna  Pappenheim 

Case  I. — The  margin  of  the  ulcer  (involving  the  mucosa,  the 
tunica  propria,  and  in  parts  even  the  muscular  stratum)  shows 
extensive  small-cell  infiltration  of  the  connective  tissue,  but  no 
typical  tuberculous  nodules  are  present.  In  the  lower  strata 
(of  the  margin  of  the  ulcer)  a  few  muscle-fibers  may  be  seen;  these 
fibers  have  been  split  up  into  fragments  by  the  small-cell  infiltra- 
tion, and  are  both  degenerated  and  atrophic.  The  fundus  of  the 
ulcer,  on  the  contrary,  contains  a  great  number  of  miliary  foci, 
in  which  giant-cells  may  be  seen;  the  latter  are  generally  sur- 
rounded by  lymphoid  tissue,  though  a  few  epithelioid  cells  are 
found  here  and  there.  Caseous  degeneration  of  these  miliary 
tubercles  appears  to  be  extremely  rare.  The  solitary  tubercle 
as  well  as  the  larger  tuberculous  lesion,  produced  by  the  conglom- 
eration of  small  nodules,  is  walled  off  by  a  dense  zone  of  connective 
tissue.  Extensive  perivascular  infiltration  is  found  in  every  sec- 
tion. 

Histologic  Diagnosis, — Confluent  ulcerating  tuberculous  granu- 
loma. 

Case  II. — ^The  margins  of  the  ulcer  are  composed  of  an  intense 
small-cell  infiltration,  which  has  taken  the  place  of  all  the  original 
parenchyma.  Here  and  there  the  infiltration  is  somewhat  less 
dense,  the  cells  are  seen  clustered  together  in  groups,  and  on  the 
periphery  of  these  groups  lymphoid  cells  are  found  breaking  up 
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the  muscular  layer,  the  latter  being  atrophic  and  staining  badly. 
In  the  lower  strata,  forming  the  fundus  of  the  ulcer,  numerous 
typical  nodules  appear;  some  of  these,  however,  contain  only 
lymphoid  and  epithelial  cells.  A  few  giant-cells  are  found  scat- 
tered among  the  invading  lymphoid  tissue,  although  no  attempt 
at  tubercle  formation  could  be  traced.  The  blood-vessels  show 
extensive  perivascular  infiltration. 

Histologic  Diagnosis. — Confluent  ulcerating  tuberculous  granu- 
loma. 

Case  III. — ^The  specimens  removed  at  operation  have  not  been 
preserved. 

Case  IV. — Of  the  tuberculous  nodule  several  blocks  excised 
at  different  angles  were  examined :  all  contain  the  same  histologic 
picture.  Numerous  miliary  tubercles  are  found  consisting  of 
solitary  nodules  and  of  confluent  groups  of  nodules  separated 
by  dense  connective  tissue  containing  very  few  nuclei,  as  in  Fig. 
1.  The  formation  of  individual  nodules  and  the  number  of 
epithelial  cells  found  in  these  nodules  is  characteristic  of  this 
particular  type  of  tuberculosis  of  the  tongue.  In  many  of  the 
nodules  containing  giant-cells  of  varied  shapes  and  sizes,  the  nuclei 
being  arranged  peripherally  or  scattered  throughout  the  cyto- 
plasm, it  is  clearly  shown  that  the  giant-cell  was  formed  by  a 
gradual  fusion  of  epithelial  elements.  The  giant-cells  appear  to 
represent  a  form  of  syncytium  due  to  the  fusion  of  epithelial  cells. 
In  this  case  nodules  containing  lymphoid  cells  only  are  extremely 
rare.  Bundles  of  muscle-fibers  that  have  remained  intact  are 
few  and  far  between.  They  present  the  picture  of  disintegration 
already  described  above.  They  appear  to  have  been  separated 
and  pushed  aside  by  the  infiltrative  process  when  the  latter  began 
to  invade  the  connective  tissue.  As  usual  the  blood-vessels  show 
extensive  perivascular  infiltration. 

Histologic  Diagnosis, — Intraparenchymal  tuberculous  granu- 
loma containing  miliary  nodules. 

Case  V. — ^The  margin  of  the  ulcer,  which  involves  the  epi- 
thelium, the  tunica  propria,  and,  in  part,  the  muscular  layer,  shows 
intense  small-cell  infiltration  as  well  as  typical,  nodular  tuber- 
culous lesions.  Fig.  3  represents  a  large  sclerotic  tubercle  found 
on  the  edge  of  the  ulcer  at  the  periphery,  of  which  numerous 
giant-cells  of  various  shapes  and  sizes  may  be  seen.  The  inflam- 
matory infiltration  extends  as  far  as  the  intrapapillary  connective 


12  LUIGI   DURANTE 

tissue  in  some  places,  invading  the  epithelium  and  paving  the  way 
for  ulceration.  The  fundus  of  the  ulcer  also  shows  extensive  small- 
cell  infiltration  and  contains  a  great  number  of  typical  nodules  in 
whose  outer  zone  giant-cells  are  seen.  A  few  mu3cle-fibers  are 
found,  both  in  the  fundus  and  in  the  margin  of  the  ulcer.  These 
fibers  are  atrophic  and  stain  badly.  Extensive  perivascular 
infiltration  is  seen  around  all  the  blood-vessels. 

Histologic    Diagnosis, — Intraparenchymal    tuberculoma,    con- 
taining confluent  and  ulcerating  tubercles. 


Summary  of  Histologic  Findings 
As  may  be  readily  seen  from  the  description  of  the  four  cases 
mentioned  above,  the  histologic  picture  found  in  tuberculosis  of 
the  tongue  does  not  differ  materially  from  that  which  is  seen  in 
the  tuberculous  lesions  of  other  organs,  especially  of  the  striated 
muscles.  Apart  from  the  small-cell  infiltration,  which  is  not  a 
typical  feature  in  itself,  the  typical  nodules  characterizing  tuber- 
culous lesions  may  be  observed  in  every  case.  In  two  out  of  three 
of  our  cases  (presenting  the  ulcerating  type  of  tuberculosis)  these 
characteristic  nodules  could  be  observed  only  in  the  lower  strata 
of  the  margin  and  in  the  fundus  of  the  ulcer,  a  fact  which  suggests 
that  in  microscopic  diagnoses  both  margin  and  fundus  should  be 
examined  with  special  care.  Three  cases  gave  no  data  whatever 
concerning  the  actual  histogenesis  of  the  giant-cells.  In  the  fourth, 
however,  the  formation  of  giant-cells  as  a  direct  result  of  syncj^tial 
fusion  of  epithelioid  cells  could  be  repeatedly  demonstrated.  The 
fact  that  extensive  perivascular  infiltration  was  found  in  every  case 
seems  to  indicate  that  hematogenous  infection  plays  a  prominent 
part  in  the  propagation  of  tuberculosis  in  the  tongue. 

Summary  of  Clinical  Observations 
Of  the  five  cases  of  lingual  tuberculosis  I  have  described,  two 
were  women;  in  every  case  the  age  of  the  patient  was  between 
twenty  and  sixty.  None  of  these  came  to  autopsy.  The  question, 
whether  any  of  these  can  be  rightly  described  as  ''primary"  tuber- 
culosis of  the  tongue,  must  consequently  be  decided  by  the  chnical 
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findings.  In  Cases  I  and  IV  no  e\ndence  of  other  tuberculous  foci 
could  be  obtained  by  clinical  means.  In  the  three  remaining  cases 
the  lesions  of  the  tongue  appeared  to  be  tardy  secondary  mani- 
festations of  primary  pulmonary  tuberculosis. 

In  four  cases  (I,  II,  III,  V)  the  lesions  of  the  tongue  had  already 
assumed  the  ulcerating  form  at  clinical  examination;  the  ulcera- 
tion was  most  marked  at  the  edges,  the  granuloma  itself  being 
embedded  deep  down  in  the  tissue. 

In  Cases  II,  III,  and  V  the  ulcer  showed  the  typical  characteris- 


Fig.  I. — Case  IV.  Tuberculosis  of  the  tongue;  multiple  tubercle*  forming  a  single  nodule. 
Section  stained  with  Weigert-van  Gieson  stain.  Photomicrograph  (80  diam.);  showing  lour  typical 
miliary  tubercles  forming  one  nodule,  situated  in  the  muscular  stratum,  surrounded  by  dense  connec- 
tive tissue. 


tics  of  the  disease,  but  in  Case  I  both  margins  and  fundus  appeared 
hard  and  infiltrated  and  suggested  an  ulcerating  epithelioma. 

Case  IV  was  of  the  nodular  type  and  showed  no  change  for  ten 
years,  at  the  end  of  which  time  the  patient  came  for  operation. 
The  importance  of  the  conditions  under  which  tuberculous  lesions 
develop,  and  the  influence  of  these  conditions  on  the  progress  of 
the  disease  and  on  the  histologic  picture  which  results,  may  be 
clearly  seen  in  Case  IV:  The  patient's  personal  history  as  well  as 
the  family  history  were  entirely  free  from  tuberculosis,  the  lesion 
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found  in  his  tongue  may  be  called  primary  inasmuch  as  no  other 
foci  could  be  discovered  during  clinical  examination;    the  lesion 


Fig.  2. — Case  IV.  Tuberculosis  of  the  tongue:  multiple  tubercles  froming  a  single  nodule. 
Section  stained  with  Weigert-Van  Gieson  stain.  Pholomierograph  (90  diam.):  showing  a  typical 
tubercle  and  a  nodule,  containing  lymphoid  cells  only,  side  by  side;  the  lymphoid  cells  may  also 
be  seen  invading  the  connective  tissue  between  the  muscle- bundles. 


Fig.  S. — Case  V.  Tuberculosis  of  the  tongue:  ulcerating  stage.  Section  stained  with  Weigert- 
Van  Gieson  stain.  Photomicrograph  (100  diam.):  showing  tne  margin  of  the  ulcer  and  contaming 
small-cell  infiltration  and  typical  nodular  lesions. 


itself  assumed  the  form  of  a  "closed"   (circumscribed)   nodule, 
in  which  no  changes  occurred  during  a  period  of  ten  years. 


' 

s 

t'Jib 

£•£§! 

3 

i  o  i  b 

1 

5^*-,a  s! 

B 

-•*-,aJ   s 

i 

o^ 

.    ^§ 

„     ^aS 

-!$ 

-  s 

Trbatmb 

^1 
.2  -of 

1113 

•11.2*2 

■i! 

HIP. 

0^ 

Sj^iHi^- 

Ji  .i* 

• 

j._ 

^ 

as*^  >  «  «  < 

1  ^ 

+=e 

+r2g 

+  :|2 

4-:B=:h 

a  »- 

a  '^ 

s:  * 

Localiza- 
tion 

*  1 

I.I 

fcSss 

&3 

I.I 

III 

,1      i. 

=  t 

j^i 

s 

S 

1    m 

1      "-S 

1            c  u  u 

£-5 

B    s.    3 

II 

11^ 

S^= 

£tl 

I^'S 

c  c 

c  ^"i 

J2-C    C 

^    X    C 

1:  e 

£-c  c 

.1         ^ 

H 

H 

H 

H 

H 

1            J, « 

in- 

z»£ 

'            »j 

IC  z 

:§ 

2«   . 

12  •« 

-2  u  ? 

^-^  . 

C6 

b    X    g 

^    X 

Ill 

t-  ><  S 

km 

t. 

S 
^ 

it  T^ 

C  ^T' 

^.5. 

•IS, 

a 

£  c 

S  H. 

r« 

x^ 

x^ 

is 

t^ 

^    *5 

1.= 

<  r*  2 

35 

ll 

b-5 

P 

J  ,  ^  zi  ^  * 
5=5^ks 

1 

1 

• 

1 

• 

<S  H  fc  M  J 

u»         c  a 

u 

o 

o 

iO 

§ 

-* 

< 

-^ 

« 

-f 

»» 

u 

:s 

:>; 

P^ 

&; 

?i 

o 

«5 

X 

w 

« 

t*  ^ 

s 

«o 

«5 

00 

« 

1^ 

•O 

CO 

t^ 

^^ 

< 

o 

s 

< 

tl 

§2 

|2 

3^ 

<  a 

a    . 

3 

s    « 

_c 

=^ 

F 

•-9  0» 

<» 

48 

lv 

1                asvj 

- 

»» 

CO 

•* 

»o 

15 


16 


LUIGI  DURANTE 


In  the  other  cases  (I,  II,  III,  V),  however,  all  of  which  had  a 
personal  as  well  as  a  family  history  of  tuberculosis,  the  tuberculous 
lesion  in  the  tongue  very  soon  (three  or  four  months)  reached  the 
ulcerating  stage. 

It  is,'^therefore,  safe  to  assume  that  the  individual  reaction  of  the 
body  plays  a  far  greater  part  in  defining  the  histologic  picture  of 
tuberculous  lesions  than  the  tissue  in  which  the  lesion  is  found. 


•*        't  ^z^   *. 


<* 


FiK-  4. — Case  V.     Stained  with  Unna-Pappenheim  stain.     Photomicrograph  fWO  diam.):  showing  the 
invasion  of  the  papillary  tunica  propria  by  small-cell  infiltration  and  Kiant-cells. 

In  the  four  cases  of  **open,"  ulcerating  tuberculosis  of  the  tongue 
the  regional  lymph-glands  were  found  to  be  involved.  In  Case 
IV,  in  which  the  intralingual  granuloma  remained  intact,  no  such 
involvement  was  found. 

(Minical  diagnosis  w^as  easy  in  Cases  II,  III,  and  V,  in  which 
bronchopulmonary  lesions  were  present  together  with  the  ulcer  of 
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the  tongue;  a  tuberculous  lesion  was  suspected  in  Cases  I  and  II. 
Xo  definite  diagnosis  could  be  made  ( clinically )  of  Case  FN',  as  no 
e\'idence  of  tuberculosis  in  other  organs  could  be  obtained. 

In  every  case,  howe\'er,  a  histologic  diagnosis  could  be  made 
during  operation  by  means  of  fro»en  sections,  and  the  histologic 
findings  decided  the  course  to  be  taken  so  far  as  operatiN-e  and 
therapeutic  treatment  were  concerned  (Figs.  1,  ^,  3,  4,  and  5). 


^^. 


•N-'.-. 


Fig.  5. — Casr  TV.     Hi<«toffrn<su  oC  thr  gianf-cells.     S^'tion  stuin^  with  W«|prrt-v«n  (ti^'troa 

«iAin.     PAo'omiero|7ra/iA  yt-iO  aiam.  t:    shoving  various  stacks  in  the  fonnatioa  of  fnant-ceUs  by  th« 

pilheUoid  cH' 


fadoo  ol  epill 


1  celU,  in  a  Urge  typical  tuberrle. 
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INFECTIONS  OF  THE  MOUTH  * 

GORDON    B.    NEW 


The  most  important  foci  of  infection  of  the  body  are  found  in 
the  mouth  and  upper  respiratory  tract,  including  the  nose,  sinuses, 
pharynx,  trachea,  tonsils,  gum-margins,  tooth-sockets,  and  jaws. 
Only  infections  of  the  mouth  will  be  discussed  in  this  paper. 
These  may  be  divided  into  four  groups:  (1)  Alveolar  abscesses; 
(2)  infections  about  unerupted  teeth;  (3)  infections  about  ill- 
fitting  crowns,  bridges,  and  fillings;    and  (4)  pyorrhea. 

Alveolar  Abscesses. — ^/Vlveolar  abscesses  are  important  foci 
because  of  the  fact  that  only  a  small  percentage  cause  local  symp- 
toms, and  usually  the  patients  are  quite  unaware  of  their  existence. 
Roentgen  photographs  are  essential  in  locating  them;  in  fact,  are 
the  only  sure  method  of  determining  their  presence.  These 
abscesses  may  be  the  so-called  blind  abscesses,  or  they  may  be 
draining  through  the  alveolus.  As  to  their  etiology :  the  infection 
may  occur  from  the  root-canal  of  a  tooth,  or  it  may  be  hematogen- 
ous in  origin.  Ulrich  recently  examined,  by  means  of  the  roentgen 
ray,  a  series  of  jaws  of  ward-patients,  and  found  that  80  per  cent 
of  the  dead  teeth  were  abscessed.  This  was  followed  by  the 
examination  of  a  similar  series  of  private  patients,  and  an  equally 
high  percentage  of  abscessed  teeth  were  observed,  therefore  exclud- 
ing poor  dentistry  in  the  ward-patients  as  the  cause  of  the  abscesses. 
He  cultured  159  abscessed  teeth,  finding  streptococci  in  150,  and 
believed  this  an  indication  that  a  high  percentage  of  the  abscesses 
were  hematogenous  in  origin,  as  it  would  have  been  impossible  for 
the  dentist  to  infect  so  many  patients  with  streptococci.     Observa- 

*  Read  before  the  Central  State  Orthopedic  Society.  October  18.  1915.  Re- 
printed from  the  Journal-Lancet,  1916,  xxxvi,  107-10. 
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tions  in  our  clinic  do  not  show  so  high  a  percentage  of  alveolar 
abscesses  in  the  roentgen  examination  of  dead  teeth.  Many 
patients  are  observed,  however,  in  whom  the  abscesses  are  about 
half  way  up  on  the  root,  and  with  no  apparent  connection  with  the 
apex  of  the  tooth  or  the  gingival  margin;  and  also  patients  in 
whom  every  tooth  on  one  side  of  the  jaw  shows  abscesses  about 
equal  in  size.  This  type  seems  to  be  hematogenous  in  origin. 
Alveolar  abscesses  have  not  as  yet  been  made  experimentally  in 
animals  by  means  of  streptococci;  but  the  evidence  at  hand  would 
seem  to  prove  that  a  large  number  of  these  abscesses  are  due  to 
infection  through  the  blood. 

Infection  About  Erupting  Teeth, — Infection  about  erupting 
teeth,  especially  the  lower  third  molars,  is  a  common  source  of 
general  infection.  About  one  and  one-half  years  ago  I  had  an  acute 
arthritis  of  the  wrist,  shoulders,  knees,  and  ankles  ten  days  after  a 
severe  infection  around  an  erupting  wisdom  tooth.  The  gum- 
tissue  overlapping  these  partially  erupted  teeth  forms  a  deep 
pocket  which  harbors  infection.  The  irritation  of  this  mucous 
membrane  by  mastication  frequently  causes  traumatism;  and 
exacerbations  of  acute  infection  are  common.  The  unerupted 
cuspid  tooth  is  probably  the  next  most  likely  to  give  trouble. 

Infections  About  Ill-fitting  CrovmSy  Bridges ^  and  Fillings, — 
This  type  of  infection  is  due  to  the  poor  dentistry  which  has  been 
done  throughout  the  country  and  which  has  brought  very  severe 
criticism  on  the  dental  profession  as  a  whole.  The  crevices  formed 
by  these  ill-fitting  crowns  and  poorly  made  fillings  irritate  the  gin- 
gival margins,  and  pockets  are  formed  in  which  food  lodges,  and 
frequently  pyorrhea  develops  from  irritation  of  the  gum-margins. 
All  these  conditions  tend  to  make  a  filthy  mouth  and  good  media 
for  the  development  of  all  kinds  of  organisms. 

Pyorrhea, — ^The  study  of  this  condition  has  recently  been  stim- 
ulated by  articles  of  Bass  and  Johns  and  Barrett  and  Smith,  Bass 
and  Johns  holding  that  the  Amoeba  buccalis  is  the  cause  of  py- 
orrhea, and  that  the  use  of  emetin  will  rid  the  mouth  of  the  ameba 
and  ultimately  cure  the  condition.  The  subject  has  been  taken  up 
by  many  pathologists  and  dentists  throughout  the  country,  but 
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recent  reports  are  not  so  convincing  as  those  made  by  the  original 
investigators. 

Sanford  and  I  have  studied  327  cases  of  pyorrhea.  These 
were  classified  into  five  groups:  pyorrhea  0,  1,  2,  3,  4,  depending 
on  the  amount  of  infection  in  the  mouth,  and  not  on  the  amount  of 
infection  about  any  one  tooth  or  group  of  teeth.  Pyorrhea  0 
indicates  that  the  mouth  is  free  from  gingival  irritation  of  ill- 
fitting  crowns  or  fillings.  Pyorrhea  1  indicates  an  early  pyorrhea, 
possibly  of  the  lower  incisor  teeth.  Pyorrhea  2  and  3  are  graded 
in  their  relative  positions;  and  4  indicates  a  very  extensive  pyor- 
rhea. Smears  from  the  crevices  of  the  gum  were  made  by  me,  and 
examined  immediately  on  a  warm  stage  by  Sanford.  The  work  of 
classifying  the  cases  and  examining  the  smears  was  done  separately, 
and  the  statistics  were  not  compared  until  the  series  was  completed. 

TABLE 

Grade  or  Ptorrhka     Ntmber  of  Patients      Entauocba  Buccaus  Percentage 


0 

58 

8 

14- 

1 

.51 

22 

43-h 

< 

89 

55 

62-h 

3 

88 

63 

71 4- 

4 

41 

33 

80-h 

Total 

327 

181 

55 

Thirty-three  cases  of  pyorrhea  were  treated  with  emetin.  The 
ameba  was  demonstrated  in  all  cases  before  instituting  treat- 
ment. Roentgenograms  were  made;  and  all  abscessed  teeth,  and 
all  that  were  too  loose  to  be  helped  by  treatment,  were  removed. 
Emetin  was  given  in  from  one-third  to  two-third  doses  of  Lilly's 
ampules  or  Lilly's  Alcestra  tablets  two  or  three  times  a  day.  Nega- 
tive smears  for  ameba  were  obtained  in  all  the  cases  in  from  four 
to  seven  days.  But  little  improvement,  if  any,  was  noted  in  the 
amount  of  pus  present  or  the  general  condition  of  the  mouth. 
These  patients  were  then  sent  to  a  local  dentist  to  have  all  deposits 
removed  and  the  teeth  thoroughly  cleaned;  no  medicines  were 
used.    After  this  treatment,   marked  improvement  was  noted. 
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The  rather  unsatisfactory  results  in  this  group  of  cases  suggested 
that  we  try  the  use  of  emetin  in  a  second  group  of  cases.  The 
second  group  constituted  cases  of  pyorrhea  that  had  been  ex- 
tensively treated  by  local  dentists,  and  by  dentists  throughout  the 
state,  and  still  showed  a  great  deal  of  pyorrhea.  We  selected 
twenty  patients  of  this  type  for  treatment,  but  only  eight  were 
willing  to  receive  a  thorough  course  of  the  emetin  a  sufficiently 
long  period  to  make  their  study  of  any  value.  Before  treatment 
they  were  examined  by  local  dentists,  who  seemed  to  think  that 
all  the  local  treatment  necessary  had  been  given.  The  ameba 
was  demonstrated,  and  the  patients  received  emetin,  as  in  the  first 
group,  over  a  period  of  from  two  weeks  to  a  month,  with  results  no 
more  encouraging,  although  the  smears  became  negative  for 
ameba. 

While  the  results  in  these  small  series  of  cases  are  not  convinc- 
ing, we  do  believe  that  the  series  of  cases  in  which  emetin  alone 
was  used  after  thorough  dental  treatment,  and  not  associated 
with  dental  treatment,  gave  better  proof  as  to  its  value  than  the 
large  series  in  which  emetin  and  the  dental  treatment  were  used  at 
the  same  time.  Many  of  .the  patients  whom  we  sent  to  the  den- 
tists for  cleaning  were  completely  cured  by  this  treatment  alone. 

Treatment. — It  should  be  borne  in  mind  that  during  an  acute 
general  infection  it  is  not  best  to  attempt  to  remove  the  foci  of 
infection,  for  frequently  the  general  condition  is  made  worse 
by  such  treatment.  Also,  if  several  abscessed  teeth  must  be 
removed,  or  a  mouth  containing  a  great  deal  of  pyorrhea  is  to  be 
treated,  it  is  better  to  take  care  of  a  few  teeth  at  a  time  with  four 
or  five  days  to  a  week  between,  so  that  the  patient  may  get  several 
small  doses  of  the  toxin  or  vaccine  caused  by  removing  abscessed 
teeth  or  by  treatment,  and  not  one  overwhelming  dose  at  a  time. 
The  question  comes  up  whether  or  not  abscessed  teeth,  considered 
possibly  due  to  secondary  infection,  should  be  removed.  Most 
patients  feel  that  the  sacrifice  of  a  few  teeth  is  a  small  matter  com- 
pared with  the  possibility  of  getting  relief  from  the  general  infec- 
tion. It  is  well,  however,  to  be  guarded  in  the  prognosis  in  remov- 
ing foci  of  infection  in  cases  of  arthritis.     The  results  of  the  treat- 
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ment  by  removing  foci  seem  to  classify  the  cases  of  arthritis  into 
two  groups:  first,  acute  arthritis,  rheumatic  fever,  and  pain  in 
joints  and  muscles;  second,  chronic  arthritis.  In  the  first  gn)up 
the  results  of  removing  foci  are  markedly  beneficial;  in  the  sec- 
ond group  the  patients  receive  benefit  in  only  a  small  percentage  of 
cases.  In  other  words,  the  early  cases  of  arthritis  are  benefited, 
while  the  later  cases  usually  are  not,  probably  due  to  the  amount 
of  pathologic  change  present. 


Fif.  6.— Small  abscnse*  arottiid  all  the  lower  teeth  on  one  swie  of  ike  jaw.    Tbi*  typr  would  areoi  to  b« 

bematoftrooiM  io  orupo. 

It  would  seem  that  in  the  future  the  conjw'ientiouM  dentist, 
knowing  the  terrible  suffering  and  mortality  of  the  reMultM  of  the 
past  era  in  dentistry,  would  warn  patients  of  the  poHMifiility  of 
the  presence  of  dead  teeth  in  the  mouth  and  dm'unn  with  them  the 
danger  of  the  use  of  croft^is  and  bridges.  UnlesM  the  dentiMtM  of 
today  can  perfect  their  technic  so  as  to  give  all  their  patientu  dean 
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mouths,  free  from  abscesses  and  gingival  irritation,  the  old-time 
dentist  who  extracted  teeth  and  put  in  plates  was  really  a  more 


^ 


Fig.  7. — Abscess  about  the  central  incisor.  Fig.   8. — Pyorrhea.     Large   pocket   around 

apparently  not  connected  with  apex  or  gingival  lateral  incisor  not  demonstrable  until  roentgen- 

mar^n.     The  type  is  possibly  hematogenous  in  ogram  was  taken, 
origin. 


Fig.  9. — Extensive  alveolar  abscesses.  Fig.   10. — Multiple    alveolar   abscesses    around 

incisor  teeth. 

useful  member  of  the  profession,  for  with  his  methods  the  mouth 
at  least  was  kept  free  from  foci  of  infection. 

The  following  illustrations  show  infections  in  the  jaws  in  cases  of 
arthritis  (Figs.  6,  7,  8,  9,  and  10). 


THE  RELATION  OF  AMEBIASIS  TO  PYORRHCEA 
ALVEOLARIS  * 

ARTHUR  H.  SANFORD  AND  GORDON  B.  NEW 


The  facts  we  wish  to  present  are  not  the  result  of  a  study  of 
pyorrhoea  alveolaris  in  its  r6le  as  a  source  of  general  infection, 
but  concern  the  presence  of  certain  protozoan  parasites  in  the 
mouth  and  ahmentary  tract  in  persons  afflicted  with  this  disease. 

For  the  past  sixty-five  years  amebse  have  been  known  to  exist 
in  the  mouth.  Neveu  and  Lemaire^  give  as  the  synonyms  for 
Amoeba  gingivalis  (Gros,  1849)  the  terms  Am(]eba  buccalis  (Stein- 
berg, 1862),  Amoeba  den  talis  (Grassi,  1879),  and  Amoeba  kartulisi 
(Doflein,  1901),  thus  considering  that  these  are  all  the  same  organ- 
ism, and  also  that  they  are  non-pathogenic.  In  1904  Prowazek^ 
described  Entamoeba  buccalis  and  considered  it  non-pathogenic. 

In  Braun's^  Animal  Parasites  of  Man  the  subject  is  treated  in 
practically  the  same  way.  As  regards  the  finding  of  amebse  in 
the  pus  of  abscesses  in  the  mouth,  Braun  says:  "Doflein  conjec- 
tures that  it  was  a  question  of  dysenteric  amebae."  This  state- 
ment is  interesting  and  will  later  be  considered  in  detail. 

LeWald's^  attention  was  first  called  to  amebae  in  the  mouths 
of  Filipinos,  and  later  in  this  country  he  found  amebse  in  the 
mouths  of  71  out  of  100  persons  on  the  first  examination.  He  did 
not  make  a  complete  study  of  their  morphology,  but  considered 
them  identical  with  gingivalis  or  buccalis,  and  he  suggested  the 
name  Amoeba  oralis  hominis,  indicating  its  constant  presence  in 
man. 

*Read  before  the  Clinical  Congress  of  Surgeons  of  North  America,  Boston, 
October  25-30,  1915.  Reprinted  from  Surgery,  Gynecology,  and  Obstetrics,  1916, 
xxii,  £7-33. 
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The  recent  increased  interest  in  the  subject  has  been  stimulated 
by  articles  by  Smith  and  Barrett*  and  by  Bass  and  Johns,^  inde- 
pendently suggesting  that  the  Entamoeba  buccalis  is  the  cause  of 
that  common  disease,  pyorrhoea  alveolaris.  Smith  and  Barrett 
found  amebse  in  all  of  46  cases,  and  found  none  in  seven  mouths 
that  were  normal.  Bass  and  Johns  base  their  conclusions  on  the 
positive  findings  in  more  than  300  gross  lesions.  They  state  also 
that  there  are  many  other  factors  to  be  considered  in  the  etiology 
of  the  disease,  such  as  "picking  the  teeth,  cleaning  with  hard 
brushes,  floss,  rubbers,  and  the  effect  of  hard  particles  of  food  be- 
tween the  teeth  making  pressure  on  the  gums,  tartar  on  the  teeth, 
ill-fitting  crowns,  etc." 

A  very  complete  study  of  the  etiologic  factors  in  the  disease  has 
been  recently  reported  by  Price.^  This  work  was  carried  on  for 
the  Scientific  Foundation  and  Research  Commission  of  the  Na- 
tional Dental  Association.  The  article  is  exceedingly  fair,  and 
weighs  all  evidence  regarding  the  significance  of  amebae  in  the 
mouth.  He  suggests  that  judgment  be  withheld  until  further 
researches  shall  have  established  sufficient  data.  We  quote  him 
as  follows : 

"The  successful  production  of  the  lesions  of  pyorrhoea  alveolaris 
by  inoculation  with  entameba  according  to  Koch's  laws     .     .     . 

"  Or,  the  successful  production  of  the  lesions  by  inoculation  with 
some  other  organism  or  organisms,  or  by  some  other  means     .     . 

"Or,  the  demonstration  that  the  entamebae  of  the  mouth  are 
non-pathogenic  and  are  incidental  or  helpful  inhabitants  of  the 
oral  cavity  as  scavengers;  not  only  harmless  of  themselves,  but  not 
producing  either  toxins  or  harmful  enzymes     .     .     . 

"The  establishment  of  the  rdle  of  emetin  including  a  close  dif- 
ferentiation between  its  amebicidal  and  its  bactericidal  actions    .    . 

"The  establishment  of  the  precise  local  tissue  changes  involved 
in  the  development  of  the  lesion  of  pyorrhoea  alveolaris  and  of  the 
successive  processes  constituting  its  repair.     .     . 

"The  establishment  of  the  rdle  of  pyorrhoea  alveolaris  pockets 
as  culturing  places  for  pathogenic  microorganisms,  as  those  of  the 
streptococcus-pneumococcus  group,  which  from  this  lesion  as  a 
primary  focus  affect  other  organs  and  tissues  of  the  body,  and  the 
establishment  of  the  symbiotic  effects  of  the  organisms  on  each  other. 
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"Granting  that  entameba  is  the  causative  factor  of  pyorrhoea 
alveolaris  and  that  emetin  hydrochloric!  is  a  specific  for  it,  why  has 
no  pyorrhea  pocket,  of  the  many  cases  treated  by  the  authors,  been 
more  greatly  modified  in  the  way  of  repair  than  the  more  or  less 
marked  improvement  of  the  following  factors :  the  quantity  of  pus 
flowing;  the  relative  quantity  of  microorganism  growing  in  the 
pockets  and  the  general  tonicity  of  the  surrounding  connective 
tissues,  with  practically  no  considerable  change  within  several 
months  of  the  bone  lesion  itself  surrounding  the  tooth?" 


Pi^.  11a. — Entamceba  histolytica,  warm  stage 
observation. 


Fig.  lib. — Entam<£ba  histolytica,  warm  stage 
observation. 


For  several  years  at  the  Mayo  Clinic  we  have  been  interested 
in  finding  amebse  in  mouths  that  showed  disease.  This  work 
was  not  carried  out  systematically  and  was  done  purely  inciden- 
tally in  making  stool  examinations  for  intestinal  parasites.  Since 
January,  1915,  however,  the  work  has  been  conducted  in  a  manner 
to  make  statistical  study  possible.  One  of  us  examined  the  mouths 
of  patients  coming  for  throat  examination,  and  106  of  these  were 
selected  for  study.  Pus  about  the  teeth  was  drawn  into  a  pipet, 
a  cover-slip  preparation  made  on  a  slide,  and  sent  to  the  laboratory 
for  examination.  A  search  for  the  parasites  was  made  on  a  warm 
stage,  using  a  4  mm.  objective.     Owing  to  the  fact  that  there  is 
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usually  so  much  pus,  there  is  very  little  contrast  in  the  field,  and  it 
is  more  difficult  to  find  them  than  is  the  case  with  amebae  in  the 
stools.  However,  three  or  four  minutes'  search  usually  results  in 
finding  actively  motile  organisms,  with  a  very  clear  ectoplasm, 
and  often  with  several  red  blood-cells  ingested.  Their  size  and 
morphology  are  very  similar  to  Entamoeba  histolytica,  found  in 
stools  of  patients  with  amebic  dysentery.  Besides  the  patients 
sent  primarily  to  New  for  examination,  a  few  of  those  who  were 
having  stool  examinations  were  sent  to  him  each  morning  for  mouth 


Fig.  Ha. — Entamceba  buccalis,  warm  stage  ob-        Fig.  12b. — Entamoeba  buccalis,  warm  stage  ob- 
servation, servation. 

examination.     There  were  in  all  221  of  these  patients,  making  a 
total  of  327  in  the  series  studied. 

The  cases  have  been  classified  into  five  groups:  Pyorrhea  0, 
1,  2,  3,  4,  denoting  the  degree  of  infection  in  the  mouth  that  could 
be  demonstrated  by  an  ocular  examination  and  by  pressing  on  the 
gums  to  force  out  the  pus.  The  pyorrhoea  0  group  included  those 
in  which  no  sign  of  pyorrhea  could  be  seen  and  no  pus  could  be 
pressed  from  the  margin  of  the  gums.  None  of  these  cases  showed 
any  gingival  irritation  from  poorly  fitting  crowns  or  fillings. 
Groups  1  to  4  were  graded  according  to  the  gross  amount  of  infec- 
tion in  the  mouth  and  not  on  the  degree  of  pyorrhea  about  one 
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tooth  or  group  of  teeth.  Group  1  indicates  an  early  pyorrhea 
involving  possibly  the  lower  central  incisor  or  the  molar  teeth, 
while  Group  4  includes  cases  with  a  very  extensive  pyorrhea. 
Groups  2  and  3  were  graded  in  their  relative  position  in  the  classi- 
fication, indicating  the  degree  of  infection  in  the  mouth.  The  classi- 
fication of  the  patients  and  the  search  for  the  parasites  were  entirely 
independent  procedures  on  the  part  of  the  two  observers,  and  the 
results  compared  only  at  the  time  of  preparing  this  report. 

Of  the  total  327  cases,  181  (55  per  cent.)  showed  amebte  in  the 
mouth,  all  classified  as  Entamceba  buccalis  (Prowazek),  (M  the 
cases  in  Group  0  (no  pyorrhea),  numbering  58,  there  were  8 
(14  per  cent.)  with  parasites  (Table  I).  Amebte  were  reported  in 
43+  per  cent,  of  Group  1  (slight  pyorrhea);    in  6;^  per  cent,  of 

TABLK  I 

CiLAnwL  or   PvoRRHr*  TcYTKL    Nl'MHEB    OF  Nl'MUKIl    WITH    KnT-  Ptitf-FVT*<JE 

I. I14DE  or    PYORRHEA  PatIKNTS  AM.KHA  IUK TALIH  ItlUt-VTAOI. 


0 oH  8  U- 

1 51  «i  4.S-I- 

i 8D  55  I                «^-f 

3 88  H3  71-f- 

4 41  3JJ  I               80-1- 

1 

Total 3«7  181  55-|- 


Group  2  (moderate  pyorrhea);  in  71+  per  cent,  of  Group  3  (ad- 
vanced pyorrhea) ;  and  80+  per  cent,  of  Group  4  (severe  pyorrhea) . 
The  relative  increase  in  percentage  as  the  severity  of  the  gross 
appearance  of  infection  increased  is  most  striking.  The  signifi- 
cance of  this  can  be  interpreted  in  various  ways.  By  some  it  may 
be  taken  as  a  direct  indication  of  the  specific  etiologic  r6le  of 
Entamoeba  buccalis  in  pyorrhoea  alveolaris.  We  must  not  over- 
look, however,  the  14  per  cent,  positive  findings  in  the  group 
with  mouths  apparently  free  from  infection.  Another  interpreta- 
tion of  the  facts  is  that  there  was  an  increase  in  percentage  of  cases 
directly  propoitional  to  the  degree  of  pathologic  change  in  the 
mouth  most  suitable  for  their  existence. 
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Many  observers  have  noted  the  similarity  between  Entamoeba 
buecalis  and  Entamoeba  histolytica.  Smith  and  Barrett*  state: 
**From  a  purely  morphologic  standpoint  we  are  unable  to  differ- 
entiate the  organism  which  we  believe  to  represent  the  vast 
majority  of  oral  entamebae  and  to  occur  in  an  extremely  large 
number  of  persons  not  merely  in  the  tropics,  but  throughout  the 
world,  from  Entamoeba  histolytica  Schaudinn.  We  are  unwilling 
to  make  any  assertion  which  involves  biologic  identity  in  full. 
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Fig.  ISa. — Eniamcrba  histolytica,  stained  with        Fig.  13b. — Entamoeba  hi.<!toIytica,  stained  with 
iron-hematoxylin.  iron-hematoxylin. 


merely  asserting  that  the  morphologic  similarity  is  so  close  that 
we  feel  unable  to  make  a  distinction  from  microscopic  observation 
alone.  .  .  Even  if  this  suggestion  be  refused,  the  writers  feel 
that  there  is  need  of  a  more  easily  demonstrable  differentiation,  and 
believe  that  more  than  merely  morphologic  studies  are  requisite 
to  prove  dual  specificity." 

If  these  organisms  are  identical,  a  large  percentage  of  patients 
with  amebse  in  the  mouth  should  show  amebse  in  the  stools, 
especially  if  they  have  chronic  diarrhea.     It  was  with  the  idea  of 
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shedding  some  light  on  the  relationship  between  the  two  types  of 
amebse  that  patients  with  chronic  diarrhea,  and  whose  stools  were 
examined  first  for  amebse,  also  were  examined  second  for  pyor- 
rhea, and  third  for  the  Entamoeba  buccalis.  The  results  are  given 
in  Table  II.* 


TABLE  II 


I 


'  Percentagk 

1 


Total  number  of  cases 327 

Total  number  Entamoeba  buccalis I  181        |       55 

Entamoeba  histolytica 73        ' 

Entamoeba  buccalis i  I  31        |       42+ 

Other  cases 254 

Entamoe'ba  buccalis i        150  59-\- 

Entamoeba  buccalis  (patients  sent  for  stool  ex-  I 

aminations) i         103 

Entamceba  histolytica I  31        i         81 


It  will  be  seen  from  the  above  table  that  there  were  73  patients 
with  amebse  in  the  stools,  and  254  in  which  none  were  found. 
One  hundred  six  of  the  254  were  non-diarrheic  patients.  These 
had  no  stool-examinations,  as  there  were  no  symptoms  that  made 
such  an  examination  necessary.  Of  the  73  patients  (stools  con- 
taining ameba*),  31  (42  per  cent.)  had  Entamoeba  buccalis,  while 
of  the  254  patients  (no  amebae  were  found  in  the  stools),  150  (59 
per  cent.)  were  infected  with  these  parasites  in  the  mouth.  In 
other  w^ords,  there  is  a  smaller  percentage  of  patients  with  amebse 
in  their  stools  that  have  Entamoeba  buccalis  in  their  mouths  than 
in  the  ordinary  run  of  cases. 

Still  another  consideration  of  this  group  of  cases  brings  out  the 
fact  that  of  the  221  diarrheic  patients  sent  for  mouth  examina- 
tion, 103  had  Entamoeba  buccalis  in  their  mouths,  while  only  31 
(31  per  cent.)  of  these  (all  patients  with  symptoms  sufficient  to 
warrant  a  search  for  intestinal  parasites)  had  Entamoeba  his- 
tolytica. These  221  patients  were  classified  according  to  the 
condition  of  the  mouth,  as  follows :  42  patients  with  no  pyorrhea, 

•  The  universality  of  amebic  dysentery  is  established.  A  report  on  the  geo- 
graphic distribution  of  amebiasis  is  in  process  of  preparation. 
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and  4  of  this  number  with  Entamoeba  buccaHs  in  their  mouths; 
40  with  Grade  1  pyorrhea,  14  with  Entamoeba  buccalis;  59  with 
Grade  2  pyorrhea,  29  of  whom  had  Entamoeba  buccahs;  57  with 
Grade  3  pyorrhea,  38  with  Entamoeba  buccaHs;  and  23  of  the 
most  severe  type,  or  Grade  4,  of  which  number  18  had  Entamoeba 
buccalis  in  their  mouths.  As  mentioned  before,  of  the  total  num- 
ber having  amebse  in  their  mouths,  only  31  per  cent,  had  amebse 
in  their  stools. 

Because  of  its  amebicidal  properties,  ipecac  or  its  alkaloids  has 
been  suggested  as  a  suitable  drug  for  the  treatment  of  pyorrhoea 


Fig.    14a. — Entamoeba    buccalis    stnined    with        Fig.    14b. — Entamixba    buccalis    stained    with 
iron-hematoxylin.  iron-hematoxylin. 


alveolaris.  In  fact,  so  wide-spread  has  become  its  use,  that  it  is 
now  spoken  of  even  by  the  laity  as  **the  cure  for  pyorrhea"  and  its 
use  demanded.  Our  experience  with  the  drug  is  limited,  but 
enlightening: 

In  our  first  series,  33  patients  of  varying  degree  of  pyorrhea  were 
treated  with  emetin.  In  all  where  indicated  roentgenographs  were 
taken,  and  teeth  showing  apical  abscesses  or  teeth  about  which  the 
disease  seemed  too  far  advanced  to  save  were  removed  before 
treatment  was  commenced. 

The  Entamoeba  buccalis  was  demonstrated  before  treatment 
was  instituted.     Emetin  was  administered  either  hypodermically. 
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in  3^  to  ^  grain  doses  of  Lilly's  ampules,  or  Alcresta  tablets 
(Lilly),  two  or  three  times  daily.  In  every  instance  the  smears 
failed  to  show  the  presence  of  the  entameba  within  four  to  seven 
days.  On  the  other  hand,  we  did  not  observe  the  marked  improve- 
ment locally  that  has  been  reported  from  many  sources.  Some  of 
the  patients  felt  much  better  generally,  but  we  question  if  the 
therapeutic  action  of  emetin  does  not  owe  its  value  to  some 
general  effect  which  has  not  as  yet  been  demonstrated  experimen- 
tally by  the  pharmacologist  or  recognized  by  the  clinician. 

The  patients  were  then  sent  to  have  thorough  dental  surgical 
treatment  without  further  medical  treatment,  and  after  this  an 
improvement  was  noticed. 

Very  frequently  when  no  amebae  were  found  after  dental  treat- 
ment, by  waiting  four  or  five  days  the  parasites  could  again  be 
demonstrated.  These  would  disappear  after  a  few  days  of  treat- 
ment, but  only  temporarily. 

The  rather  unsatisfactory  results  of  this  method  of  treatment 
suggested  that  we  try  the  emetin  on  a  group  of  patients  that 
already  had  had  repeated  and  thorough  dental  treatment  by 
competent  dentists  both  locally  and  throughout  the  State.  Twenty 
of  these  patients  were  examined  by  local  dentists  and  thought  suit- 
able to  test  the  value  of  emetin,  since  frequent  and  thorough 
instrumentation  had  failed  to  cure  their  pyorrhea.  However, 
only  eight  of  these  could  be  induced  to  carry  out  the  prescribed 
course  of  treatment.  Entamoeba  buccalis  was  demonstrated  in  all 
of  them.  They  were  given  thorough  emetin  treatment  and  the 
condition  of  their  mouths  did  not  improve.  One  patient,  still 
under  observation,  has  had  26  injections  of  %  grain  doses  of  emetin 
in  addition  to  thorough  dental  attention,  and  there  is  no  improve- 
ment. If  emetin  is  the  cure  for  pyorrhea,  we  believe  the  specific 
action  should  be  seen  in  this  manner  of  treatment. 

Though  there  may  seem  to  be  some  evidence  to  the  effect  that 
the  Entamoeba  buccalis  is  a  factor  in  Riggs'  disease,  yet  we  feel 
that  Koch's  postulates  are  the  ultimate  standard  by  which  the 
specific  cause  of  any  infectious  disease  must  be  judged.  We  are 
thwarted  at  the  outset  by  the  fact  that  up  to  the  present  time  para- 
13— s 
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sitic  amebae  have  never  been  cultivated.  However,  we  thought 
that  it  might  be  possible  to  find  lower  animals  susceptible  to  infec- 
tion with  Entamoeba  buccalis  and  we  carefully  examined  for  para- 
sites the  mouths  of  18  dogs.  Bodonides,  flagellate  protozoa,  were 
found  in  three,  but  in  not  a  single  instance  were  there  amebse. 
Many  of  these  were  old  dogs  with  discolored  teeth.  Two  of  this 
group  of  animals  were  selected,  and  at  the  juncture  of  the  gingival 
margin  of  a  molar  tooth  pus  was  injected  from  pyorrhea  cases 
containing  amebae.  One  dog  was  inoculated  with  material  from 
three  different  mouths,  and  the  other  from  two  patients.  After 
several  weeks  of  observation  neither  animal  showed  any  signs 
of  pyorrhea,  nor  could  amebae  be  found. 

Recently  we  have  taken  five  old  dogs  and  made  similar  prelim- 
inary examinations  for  protozoa  in  the  mouth,  all  of  which  were 
negative.  With  a  periosteal  elevator,  pockets  were  then  made 
about  the  lower  molar  teeth,  producing  considerable  trauma. 
A  few  days  later  pyorrhea  pus-containing  amebae  were  placed  in 
these  pockets.     These  animals  have  also  remained  negative. 

There  are  many  technical  difficulties  to  be  considered  in  any 
attempt  to  produce  the  disease  artificially.  Dogs  are  animals  with 
unusually  clean  mouths  and  may  well  be  highly  resistant  to  infec- 
tion. We  have  also  examined  the  mouths  of  two  rhesus  monkeys 
and  found  that  their  mouths  are  free  from  pyorrhea  and  amebae. 
Pockets  were  made  around  the  molar  teeth,  and  pus  from  several 
sources  containing  amebae  was  injected.  The  result  in  this  experi- 
ment was  also  negative. 

We  recognize  the  very  just  criticism  that  we  have  in  no  way 
disproved  the  possibility  of  Entamoeba  buccalis  as  the  cause  of 
pyorrhoea  alveolaris.  We  do  hold,  however,  that  the  burden  of 
proof  still  lies  with  those  who  claim  the  pathogenicity  of  this 
organism,  and  that  there  should  be  further  attempts  to  produce 
the  disease  experimentally. 

Sellards  and  Baetjer*  have  reported  interesting  results  in  the 
production  of  amebic  dysentery  in  cats  by  performing  laparotomies 
and  injecting  ameba-containing  material  directly  into  the  cecum. 
Following  their  technic,  with  the  cooperation  of  Mann,  we  have 
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injected  five  kittens  with  Entamceba  buccalis.  These  animals  have 
all  remained  healthy,  at  no  time  showing  any  signs  of  diarrhea^ 
while  two  control  kittens  injected  with  Entaina?ba  histolytica 
developed  typical  amebic  dysentery  wath  demonstrable  organisms. 
Guinea-pigs  are  highly  susceptible  to  amebic  infections,  but  four 
of  these  animals  injected  with  Entania?ba  buccalis  showed  no  signs 
of  dysentery.  One  died  of  peritonitis  forty-eight  hours  after  opera- 
tion, but  the  other  three  are  alive  and  normal. 

At  one  time  during  our  study  of  these  cases  we  were  very  hope- 
ful that  the  cause  of  pyorrha?a  alveolaris  had  been  found  and  the 
cure  established.  At  present,  our  opinion,  based  on  statistical  and 
experimental  study,  may  be  expressed  in  the  following  conclusions: 

1.  Entamoeba  buccalis  is  found  in  at  least  14  per  cent,  of 
mouths  free  from  gingival  irritation,  and  in  relatively  increasing 
numbers  in  accordance  wnth  the  degree  of  pyorrhea  as  we  have 
classified  them. 

2.  Clinically  there  is  no  parallelism  between  the  presence  of 
Entamoeba  buccalis,  the  parasite  ameba  of  the  mouth,  and  Ent- 
amoeba histolytica,  the  cause  of  amebic  dysentery. 

3.  We  believe  that  before  the  alkaloids  of  ipecac  can  be  ac- 
cepted as  the  cure  of  pyorrhoea  alveolaris  it  must  be  established 
that  they  actually  destroy  the  amebae  in  the  mouth,  thus  removing 
the  cause  of  the  disease. 

4.  Our  experiments,  few  as  they  are  in  number,  with  Sellard 
and  Baetjer's  technic  of  intracecal  injection,  convince  us  that 
Entamoeba  buccalis  and  Entamoeba  histolytica  are  not  the  same 
organism.  We  also  hold  that  before  Entamoeba  buccalis  is  called 
the  cause  of  pyorrhoea  alveolaris  its  pathogenicity  must  be  demon- 
strated by  animal  experimentation. 
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BILATERAL  PAROTID  TUMORS 

GORDON    B.    NEW 


Bilateral  parotid  tumor  is  a  general  term  applied  to  bilateral 
enlargement  in  the  parotid  region.  It  may  be  true  salivarj'  gland 
tumor  or  regional  lymphoma,  due  to  various  causes.  Unilateral 
parotid  tumor  is  not  an  uncommon  condition,  and  is  most  fre- 
quently seen  as  mixed  tumor  of  the  parotid,  tuberculous  glands  in 
this  region,  parotid  cyst,  or  as  an  infection  of  the  parotid.  Bi- 
lateral parotid  tumor,  however,  is  a  more  unusual  condition. 
The  following  is  a  report  of  classified  cases  which  have  come  under 
my  personal  observation: 

1.  Recurrent  bilateral  parotid  tumors. 

2.  Syphilitic  bilateral  parotid  tumors. 

3.  Tuberculous  bilateral  parotid  tumors. 

4.  Bilateral  parotid  tumors  associated  with  leukemia. 

5.  Mikulicz's  disease. 

6.  Bilateral  parotid  tumors  due  probably  to  a  local  infection. 

Recurrent  Bilateral  Parotid  Tumors, — Case  101,lot2. — A.  C. 
P.,  woman,  aged  forty-seven,  married.  Examination  February 
24,  1914.  Family  historj'  negative.  She  has  three  children: 
has  had  no  miscarriages.  Thirty  years  ago  she  had  walking  ty- 
phoid. A  swelling  in  front  of  each  ear  was  first  noticed  three  and 
one-half  years  prior  to  examination,  coming  on  about  three  weeks 
after  the  birth  of  a  child.  Both  sides  swelled  up  in  a  day,  and  she 
could  not  open  her  mouth.  The  swelling  remained  for  two  days 
and  then  subsided.  During  the  next  year  these  swellings,  up  to  the 
size  of  a  small  orange,  appeared  coincident  with  a  cold,  and  in  a 
few  days  disappeared  entirely.  During  the  past  year  the  swelling 
appeared  in  about  the  same  manner  and  size,  except  that  during  the 
inter>'als  a  small  tumor  remained.     When  the  patient  comes  in 
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contact  with  a  cold  wind,  the  swelling  recurs,  but  recedes  in  an  hour 
or  so.  The  condition  is  also  brought  on  by  eating  sour  foods.  The 
mouth  is  generally  dry;  the  other  salivary  glands  are  never  en- 
larged. The  patient  is  a  healthy  looking  woman,  weighing  107 
pounds.  Blood-pressure,  1^5  and  80;  pulse,  7^;  temperature, 
normal.  In  front  of  both  ears  were  soft,  elastic,  freely  movable, 
symmetric  tumors,  about  the  size  of  half  a  lemon,  not  inflam- 
matory, not  tender.  The  other  salivary  glands  and  lacrimals  not 
enlarged.  Examination  of  the  nose,  throat,  and  mouth  revealed 
nothing  of  note.  Both  Stenson's  ducts  were  open  and  secreting 
normal-looking  saliva.  No  enlargements  were  palpable  in  the 
ducts.     Wassermann  negative.     Red  blood-cells,  4,380,000;  white. 


Fig.   15. — Recurrent  bilateral  parotid  tumors. 

4100.  Small  lymphocytes,  43.^  per  cent.;  large  lymphocytes, 
12.7  per  cent.  Polymorphonuclears,  44 ;  eosinophils,  7;  basophils, 
3.  The  condition  is  probably  due  to  a  narrowing  of  the  duct  so 
slight  that,  under  ordinary  conditions,  the  saliva  passes  quite 
readily.  The  extra  amount  of  saliva  secreted  under  stimulation  of 
the  cold  air  or  sour  food  is  dammed  back,  causing  enlargement  of 
the  glands.  Early  in  the  history  of  this  case  a  catarrhal  condition 
of  the  duct  during  a  cold  caused  the  obstruction  of  the  saliva  and 
thus  the  parotid  enlargements  (Fig.  15). 

Friedberg*  reports  a  case  of  recurrent  swelling  of  the  parotid 
due  to  the  taking  of  acid  foods.     The  swellings  were  not  painful, 
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but  the  tumors  persisted  l)etween  the  attacks.  The  condition  was 
of  fifteen  years'  duration,  and  the  dischar^  from  the  ducts  was 
normal.  Friedl)erg  beHeves  that  in  his  case  the  condition  was 
due  to  spasmodic  closure  of  the  duct  brought  on  by  a  stinuilation 
of  certain  foods.  In  1896  Johnson-  reported  five  cases  of  swelling 
of  the  parotid  coming  on  during  a  meal.  He  demonstrated  obstruc- 
tion of  Stenson's  duct  causing  retention  of  the  saliva.  Hewlett' 
reports  a  case  of  bilateral  intermittent  swelling  of  the  parotids  of 
nine  months'  duration  due  to  infection  of  Stenson's  duct.  A 
mucopurulent  discharge  could  be  obtained  from  the  mouths  of  the 
ducts.  In  these  cases  the  condition  cleared  up  by  the  use  of 
argyrol  in  the  ducts  and  frequent  massage  of  the  glands.  The 
question  of  a  stone  in  the  duct  or  thick  mucus  obstruction  nuist  be 
thought  of  in  this  type  of  case. 


Syphilitic  Bilateral  Parotid  Tumors, — Cask  \SHfi\) \ .- -I ). 
McK.,  woman,  aged  forty-three,  married.  Kxamination  Sep- 
tember 25,  1913.  Family  history  negative.  She  had  two  healthy 
children,  eighteen  and  twelve;  one  miscarriage  nine  years  ago. 
No  previous  illness  of  note.  Denies  venereal  disease.  Six  years 
prior  to  examination  she  noticed  small  tumors  in  front  of  both  ears 
starting  at  the  same  time.  They  were  soft  and  freely  movable 
and  not  painful.  The  one  near  the  left  ear  was  removed  soon  after 
its  discovery,  at  w^hich  time  it  was  about  the  size  of  a  small  plum. 
It  recurred  in  a  short  time  and  was  again  removed  one  year  ago. 
Following  the  operation  a  facial  paralysis  was  noticed.  The  tumor 
on  the  right  side  was  operated  on  three  times,  each  time  with 
recurrence;  the  last  operation,  one  year  ago,  with  recurrence  six 
months  later.  The  tumor  is  now  increasing  in  size.  No  medical 
or  other  treatment  has  been  used.  The  patient  complains  of  dry- 
ness of  the  mouth,  but  her  general  health  is  good.  Examination 
revealed  a  tumor  of  the  right  parotid  region,  soft,  elastic,  and  freely 
movable,  2.5  x  2.5  x  2  inches  in  size,  extending  in  front,  below,  and 
back  of  her  ear.  There  were  scars  on  both  sides  of  the  neck  from 
previous  operations.  No  other  salivary  glands  were  enlarged. 
The  mouth  and  tongue  were  dry,  as  was  the  mucous  membrane  of 
the  phar>'nx  and  larynx.  Argyll-Robertson  pupil  of  the  right 
eye;  in  the  left  the  reflexes  were  normal;  muscles  were  normal. 
There  was  partial  facial  paralysis  of  the  left  side;    knee-jerks  not 
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brisk,  but  present;  no  general  signs  of  tabes,  Wassermann  posi- 
tive. The  patient  was  given  three  doses  of  salvarsan.  In  a  month 
the  tumors  were  markedly  reduced  in  size,  and  within  six  weeks 
were  scarcely  noticeable.  There  was  much  general  improvement. 
This  is  apparently  a  case  of  definite  regional  lymphoma  of  syphilitic 
origin. 

Claus^  says  that  luetic  enlargement  in  the  parotid  region  is  a 
rare  condition,  but  of  all  the  salivary  glands,  the  parotid  is  the  most 
frequently  enlarged.  This  usually  occurs  in  the  second  stage  of 
lues.  I^tulle  and  Vuillet^  state  that  syphilis  in  the  parotid  region 
is  a  very  rare  condition.  They  report  one  case  of  a  man,  aged 
forty-nine,  who  had  had  a  unilateral  parotid  tumor  on  the  right 
side  for  two  years.  The  left  parotid  was  quite  normal,  and 
no  other  glands  were  enlarged.  Secretion  from  the  glands  was 
normal.  The  general  examination  was  negative;  Wassermann 
test  strongly  positive;  total  inhibition.  A  specimen  was  excised 
for  diagnosis  and  the  ulcer  resulting  did  not  heal.  By  the  use  of 
biniodid  of  mercury  injections  and  salvarsan  the  tumor  cleared  up 
entirely.  Simard®  reports  a  case  of  unilateral  syphilitic  parotid 
tumor  in  a  man,  aged  seventy-four,  who  had  had  a  chancre  at  the 
age  of  forty.  Four  weeks  later  he  developed  a  smooth  parotid 
tumor  the  size  of  a  hen's  egg.  No  other  glands  were  aflFected; 
there  was  no  aflFection  of  the  mouth  or  nose.  Specific  treatment 
was  instituted,  and  in  eight  days  improvement  was  noticed;  in 
fifteen  days  the  tumor  had  almost  entirely  disappeared.  It  would 
seem  from  these  reports  that  syphilis  of  the  parotid  yields  quite 
readily  to  antispecific  treatment. 

Tuberculous  Bilateral  Parotid  Tumors,  —  Case  94,994.  — 
A.  McB.,  man,  aged  eighteen,  single.  Examination  November 
5,  1913.  Previous  history  not  important.  No  history  of  tobacco 
or  alcohol.  Chief  complaint,  swelling  of  both  sides  of  face  in 
front  of  the  ears.  Seven  weeks  previous  to  examination  a  swelling 
started  on  the  right  side  of  the  face  in  front  of  the  ear.  Two 
days  later  a  swelling  started  on  the  left  side.  These  swellings 
were  never  sore  nor  painful.  There  was  no  enlargement  of  the 
submaxillary,  sublingual,  nor  lacrimal  glands.     For  past  five  years 
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he  has  noticed  that  his  eyes  were  red  and  inflamed  at  times.  There 
had  been  some  nasal  obstruction  for  the  last  year.  He  had  an 
operation  three  weeks  before  coming  for  examination.  A  si>eci- 
men  was  removed  from  the  right  parotid  region,  and  a  diagnosis 
made  of  von  Mikulicz's  disease.  For  the  past  five  wrecks  tulx^r- 
culin,  but  no  specific  treatment,  has  been  used.  General  health 
good.  The  patient  is  fairly  well  nourished,  5  feet  6  inches  in  height; 
weighs  150  pounds;  no  loss.  There  are  hard  nodular  tumors  in 
both  parotid  regions,  extending  in  front  of  the  ears  and  into  the 
mastoid  region;  freely  movable,  not  tender,  and  regular  in  outline. 
Scattered  hard  glands  the  size  of  beans  and  peas  were  found  in  the 
left  supraclavicular  region,  and  two  small  glands  in  the  right  groin. 
There  was  a  scar  over  the  right  parotid  region  from  the  operation 
for  removal  of  the  specimen.  Slight  fibrous  thickening  was  found 
in  the  roentgenograms  of  the  chest.  Hemoglobin,  89  per  cent. ;  red 
blood-cells,  4,800,000;  white  blood-cells,  3800.  Examination  of  the 
eyes  showed  a  low-grade  iritis,  probably  tuberculous.  The  septum 
was  deflected;  there  were  rhinitis  and  pharyngitis;  the  tonsils  were 
of  medium  size.  There  were  no  signs  of  chronic  infection;  Wasser- 
inann  negative.  Potassium  iodid  was  given  internally  to  60  drops, 
and  mercury  ointment  was  rubbed  into  the  skin  over  the  glands 
daily.  For  the  iritis  atropin  was  put  in  the  eyes.  After  two  weeks 
of  this  treatment  the  glands  began  to  soften  and  showed  signs  of 
disappearing.  On  December  17,  1913,  the  left  tumor  had  almost 
disappeared,  and  the  one  on  the  right  was  just  palpable.  Second 
Wassermann  negative.  The  pupils  were  easily  dilated  with 
atropin,  but  the  ciliary  injection  remained.  On  December  18, 
1913,  a  definite  tuberculous  kerato-iritis  develoj)ed  in  the  right 
eye. 

Because  of  the  character  of  the  glands  and  the  definite  tuber- 
culous condition  of  the  eyes  it  seems  probable  that  this  case  should 
be  classified  as  regional  lymphoma  of  tuberculous  origin. 

Homuth  ^  reported  one  case  and  reviewed  the  literature  on  the 
subject  (about  21  cases).  He  states  that  tuberculosis  of  the  par- 
otid rarely  occurs,  and  that  differentiation  must  be  made  from 
chronic  inflammatory  tumors,  malignant  tumors,  gumma,  and 
mucous  cyst  of  the  parotid,  and  that  the  prognosis  is  favorable 
except  in  cases  of  general  tuberculosis.  He  states  further  that  the 
condition  may  be  bilateral.  This  report  refers  to  tuberculosis  of' 
the  substance  of  the  salivary  gland.    Cole*  reports  a  case  of  bi- 
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lateral  soft  swelling  in  the  parotid  region  in  a  man,  aged  thirty- 
four,  with  positive  luetic  history,  in  whom  tuberculous  glands 
had  been  removed  from  the  neck.  A  complete  diagnosis  had  not 
been  made  at  the  time  the  case  was  reported. 

Bilateral  Parotid  Tumors  Associated  with  Lymphatic  Leukemia. — 
Case  123,094. — C.  B.,  woman,  aged  fifty-five,  married.  Exam- 
ination January  22,  1915.  This  woman  came  to  our  clinic  for 
bilateral  swellings  in  front  and  about  the  ears  which  started  two 
years  before,  following  bronchitis.  The  swellings  had  enlarged 
to  the  present  size  in  one  month,  but  had  not  changed  since.  The 
enlargements  had  never  been  tender  nor  painful.  No  sore  throat 
nor  nasal  trouble.  The  patient's  general  health  is  good;  she  came 
for  treatment  for  the  cosmetic  effect.  Two  and  one-half  years 
prior  to  examination  she  noticed  a  swelling  of  the  left  leg  and  foot 
which  lasted  about  three  weeks,  and  was  followed  by  a  slight 
swelling  of  the  right  leg  which  lasted  for  a  short  time.  A  large 
ulcer  formed  from  scratching,  which  soon  healed.  About  two 
years  later  the  ulcer  returned  and  still  exists,  but  seems  to  be  heal- 
ing. There  was  an  eruption  on  the  knees  and  thighs  several  years 
ago,  which  she  believed  to  be  eczema.  The  patient  looks  healthy 
and  weighs  175  pounds.  Systolic  blood-pressure,  180;  diastolic, 
100;  pulse,  80;  tem[>erature,  normal.  Tumors  soft  and  elastic  in 
front  and  below  both  ears.  Mouth  dry  and  red,  as  were  the 
phar>'nx  and  tongue.  Small  ulcers  on  the  front  of  right  leg, 
Wassermann  strongly  positive;  total  inhibition,  which  still  exists. 
Hemoglobin,  78  per  cent.;  red  blood-cells,  4,600,000;  white  blood- 
cells,  171,200;  number  of  cells  counted,  300;  polynuclear  neutro- 
philes,  0.4;  small  lymphocytes,  87.3;  large  lymphocytes,  8.3; 
eosirtophiles,  0.3.  Roentgenogram  negative  for  the  chest,  with 
slight  enlargement  of  the  heart  to  the  left.  A  second  examination 
of  the  blood  on  February  13, 1915,  showed  hemoglobin,  65  per  cent.; 
red  blood-cells,  3,890,000;  leukocytes,  140,000;  number  of  cells 
counted,  300;  polynuclear  neutrophiles,  8;  small  lymphocytes, 
89  per  cent.;  large  lymphocytes,  3  per  cent.;  slight  anisocytosis 
and  slight  polychromatophilia.  There  were  no  enlargements  of 
the  salivary  or  lacrimal  glands.  This  patient  w^as  given  several 
injections  of  salvarsan,  but  on  March  22d,  two  months  after  the 
beginning  of  the  treatment,  the  tumors  had  not  shown  any  decrease 
in  size.  This  is  apparently  a  case  of  bilateral  parotid  lymphoma 
with  lymphatic  leukemia  as  the  cause  (Fig.  16), 
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Tileston  ®  describes  a  ease  of  a  child,  aged  two,  with  lymphatic 
leukemia  and  enlargement  of  the  parotid  and  submaxillary  glands. 
He  finds  lymphatic  leukemia  associated  with  enlargements  of  this 
type  in  the  parotid  and  submaxillary  region  to  be  an  extremely 
rare  condition.  He  says  that  the  diagnosis  of  Mikulicz's  disease 
should  not  be  made  in  these  cases  of  bilateral  symmetric  enlarge- 


Fig.  16. — Bilateral  parotid  tumor  associated  with  lymphatic  leukemia. 

ment  of  the  salivary  glands  unless  pseudoleukemia  and  leukemia 
have  been  excluded. 

Mikulicz's  Disease. — Case  112,299.  —  Man,  aged  fifty. 
Examination  August  6,  1914.  Twenty-nine  years  previously 
tumors  of  the  submaxillary  region  appeared  on  the  right  side. 
They  were  first  noticed  from  the  parotid  region,  then  extended  to 
the  mastoid  region.  Eight  years  prior  to  examination  the  tumors 
were  removed,  but  during  the  last  two  years  tumors  have  l>een 
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extending  into  the  submaxillary  and  submental  region  on  both 
sides.  These  tumors  had  been  removed.  The  man  is  well 
nourished,  with  soft,  elastic,  freely  movable  tumors  of  both  parotid 
regions  extending  back  toward  the  mastoid  and  below  the  jaws  to 
the  submaxillary  and  submental  regions.  The  right  side  is  some- 
what larger  than  the  left.  The  scars  of  previous  operations  are 
present  over  several  areas  of  the  tumors.  Wassermann  negative. 
At  operation  a  portion  of  the  left  parotid  tumor  was  removed. 
Pathologic  examination  showed  Mikulicz's  disease,  a  pure  lym- 
phoid hyperplasia  (Figs.  17,  18,  19). 


Fig.  17. — Mikulicz  dUea.se. 

Case  90,111.^° — J.  A.,  man,  aged  forty-seven,  married. 
Examination  August  15,  1913.  Previous  history  not  important. 
Uses  alcohol  and  tobacco.  Neisserian  infection  twelve  years 
prior  to  examination.  He  complains  chiefly  of  swellings  of  the 
face,  mouth,  and  lids.  Five  years  ago  swelling  appeared  under  the 
lower  jaw;  six  months  later  on  the  right  side;  eighteen  months  ago 
over  the  eyes,  and  six  months  ago  in  the  axillae  and  groins.  The 
swellings  have  never  been  red  nor  painful.  His  voice  for  three 
years  has  been  somewhat  husky.     For  the  past  two  years  there 
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has  been  slight  difficulty  in  breathing;  no  dysphagia.  The  swell- 
ings have  increased  in  size  slowly  and  progressively  to  the  present 
time.  He  sleeps  a  great  deal,  and  for  the  last  six  months  has  done 
no  work  on  account  of  general  weakness.  He  has  some  slight  dry- 
ness of  the  mouth  lately,  but  no  insufficiency  of  tear  production. 
Normal  weight,  !205  pounds;  present  weight,  170  pounds.  This 
loss  of  weight  is  said  to  have  occurred  during  the  last  year.  The 
lacrimals  and  accessory  lacrimals,  sublinguals,  and  submaxillary 
and  parotid  glands  are  all  greatly  enlarged,  the  enlargements 
being  symmetric.     The  tumors  are  smoothly  rounded,  somewhat 


Fij?.  18, — Mikulicz  disease. 

elastic,  not  fluctuating,  and  not  inflammatory.  The  tonsils  are 
greatly  enlarged.  On  account  of  the  enlargement  of  the  lacrimal 
and  accessory  glands  the  lids  show  considerable  ptosis,  and  the 
eyeballs  are  somewhat  pushed  forward,  though  their  motion  is 
unimpaired.  The  groins  and  axillae  present  glandular  enlarge- 
ments the  size  of  small  beans.  The  chest  and  abdomen  are  ap- 
parently perfectly  normal,  except  for  enlargement  of  the  heart. 
The  roentgen  ray,  however,  reveals  considerable  mediastinal  thick- 
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ening.  The  ears  are  much  retracted,  probably  from  pressure  on 
the  Eustachian  tube.  The  turbinates  are  considerably  engorged; 
eye-grounds  and  reflexes  normal.  Hemoglobin,  69  per  cent.; 
reds,  4,200,000.  Number  of  leukocytes,  8£00,  of  which  small 
lymphocytes,  16.3  per  cent.;  large  lymphocytes,  4  per  cent.; 
polymorphonuclears,  79.3  per  cent.;  eosinophiles,  0.3  per  cent. 
There  is  very  slight  variation  in  the  size  of  the  red  cells.     Speci- 


Fig.  10. — Photomicrograph.     Mikulicz  disease.     Parotid  salivary  inland.     Marked  lymphoid  hyper- 
plasia; only  few  salivary  acini  remainmg. 


mens  were  taken  from  the  submaxillary  region,  and  the  lacrimal 
glands  were  entirely  removed  for  diagnostic  purposes.  Micro- 
scopically, the  tumor  consists  almost  entirely  of  lymphoid  cells  of 
rather  large  size.  These  show  a  moderate  increase  of  mitotic 
figures.  The  tissue  does  not  show  any  definite  arrangement, 
though  here  and  there  are  found  septa  of  connective  tissue,  and  in 
one  or  two  places  apparent  formation  of  new  connective  tissue. 
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with  an  occasional  fibroblast.  No  remnants  of  glandular  tissue  or 
ducts  are  visible  in  any  part  of  the  tumor,  although  the  tumor 
comprises  the  whole  of  what  was  the  gland,  being  inclosed  in  the 
old  glandular  capsule.  No  eosinophiles  nor  chronic  inflammatory 
cells  are  present.  The  blood-vessels  are  fairly  numerous  and  do  not 
show  any  significant  changes.  Staining  for  bacteria  giv^es  a  nega- 
tive result. 

In  reporting  this  case  Fisher  ^°  thoroughly  covered  the  literature 
on  the  subject. 


Fig.  iO. — Mikulicz  clJM-a^f. 

Bilateral  Parotid  Tumors  due  to  Local  Infection.  —  Case 
94,876. — M.,  woman,  aged  fifty-two,  married.  Examination 
November  4,  1913.  Family  history  negative.  She  has  six  chil- 
dren, youngest  twelve  and  oldest  thirty;  ha.s  had  two  miscarriages. 
There  were  swellings  of  both  sides  of  the  face  in  front  of  the  ears. 
Four  years  prior  to  examination  she  first  noticed  swelling  in  front 
of  the  right  ear.  There  had  been  a  small  kernel  just  f)elow  the  lobe 
of  the  right  ear  for  years.     This  did  not  appear  to  increa-se  in  size. 
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but  the  tumor  in  front  extended  back  to  it.  If  the  patient  had  a 
cold,  she  noticed  a  sHght  increase  in  the  tumors  and  a  full  feeling 
in  this  region.  About  six  weeks  ago  she  noticed  a  swelling,  mov- 
able and  soft,  in  front  and  below  the  left  ear,  about  the  size  of  a 
lima-bean,  which  rapidly  increased  in  size.  The  one  on  the  right 
side  increased  still  more  rapidly  (one-third).  There  was  no  drj'^- 
ness  of  the  mouth,  no  general  complaint.     The  woman  is  well 


* .'  *j^_!^*. 


Fig.  21. — Photomicroffraph.     Mikulicz  dinease.     Parotid  salivary  ((land.     Marked  lymphoid  hyper- 
pla.<iia  with  complete  destruction  of  salivary'  parenchyma. 


nourished,  is  5  feet  4.5  inches  tall;  usual  weight,  117  pounds; 
present  weight,  128.5  pounds.  Soft  and  elastic  bilateral  tumors  in 
both  parotid  regions;  on  the  right  side,  2.75  x  2.5  x  1.5  inches; 
on  the  left  side,  2.5  x  1.5  x  1  inch.  No  other  glands  palpable; 
no  other  salivary  glands  enlarged.  Mouth,  nose,  throat,  eyes, 
and  knee-jerks  normal.  Wassermann  negative.  The  patient  was 
given  potassium  iodid  and  mercury,  but  without  any  effect  on  the 
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glands.     She  was  examined  recently,  and  it  was  found  that  the 
glands  had  not  changed  since  the  first  examination  (Fig.  22). 

The  etiology  of  this  case  is  questionable,  but  in  all  probability 
the  condition  is  secondary  to  an  infection  in  the  nose  or  throat. 
The  increase  in  the  size  of  the  tumor  is  definitely  associated  with 
a  cold  in  the  head.  Cases  have  been  noted  of  Parinaud\s  con- 
junctivitis with  bilateral  lymphatic  enlargement  in  the  parotid 
region. 


Fig.  ii. — Bilateral  tumorA  due  to  local  infcrtion. 

Diagnosis. — The  study  of  these  various  types  of  bilateral  en- 
largements of  the  parotid  region,  and  especially  a  consideration 
of  the  lymphoma  type,  is  interesting.  Poirier,  C^uneo,  and  Dela- 
mere**  state  that  the  lymphatic  glands  in  the  parotid  space  are 
situated  either  external  to  the  parotid  gland,  immediately  beneath 
the  parotid  fascia,  or  in  the  actual  substance  of  the  gland.  Thus 
the  differentiation  of  lymphatic  enlargements  in  this  region  from 
actual  gland  tumors  is  sometimes  impossible.  The  parotid  group 
of  glands  drains  the  external  surface  of  the  ear,  external  auditorj' 
canal,  tx^mpanum,  skin  over  temporal  and  frontal  regions,  eyelids, 
and  the  root  of  the  nose,  the  mucous  membrane  of  the  nose,  and 
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the  posterior  part  of  the  alveolar  process  of  the  upper  jaw.  From 
this  it  would  seem  that  the  possibility  of  any  infection  in  this 
region  draining  into  the  glands  must  be  considered. 

Warthin^^  classifies  lymphatic  enlargements  as  primary,  sec- 
ondary, or  hematogenous.  The  primary  type  may  he  local  or  gen- 
eralized, and  of  this  type  the  malignant  lymphoma  of  Hodgkin's 
disease  is  probably  the  most  frequently  seen.  It  would  seem 
that  the  two  cases  of  Mikulicz's  disease  and  the  case  associated 
with  lymphatic  leukemia  should  be,  according  to  the  evidence  at 
hand  as  to  the  etiology  of  these  conditions,  in  this  group.  Sec- 
ondary enlargements  are  the  most  common  type,  as  in  the  infec- 
tion of  a  group  of  glands  from  some  local  infected  foci  within  the 
region  tributary  to  them.  In  the  hematogenous  infection  of  the 
lymphatics  usually  several  groups  of  glands  are  involved,  although 
local  glandular  enlargements  may  occur.  The  case  of  syphilitic 
tumors  should  be  classified  in  this  latter  group.  Whether  the 
tuberculous  case  would  come  under  this  grouping  or  under  the 
secondary  lymphatic  group  would  be  a  question. 

The  diagnosis  is  based  on  the  general  examination,  the  Wasser- 
mann  test,  and  the  blood  count,  as  well  as  an  examination  of  the 
tumor  and  any  local  condition  in  the  special  organs  of  the  head. 

Mikulicz's  disease  is  a  bilateral,  smooth,  symmetric  enlarge- 
ment of  the  salivary  and  lacrimal  glands  in  pairs  or  of  all.  Micro- 
scopic tissue  shows  a  pure  lymphoid  hyperplasia,  although  some 
reports  of  cases  have  varied  in  this  picture.  It  would  seem  that 
this  term,  if  the  disease  is  an  entity,  should  be  reserved  for  those 
cases  in  which  leukemia,  syphilis,  tuberculosis,  and  chronic  infec- 
tion of  the  glands  have  been  excluded  as  far  as  it  is  possible  to  do 
so.  This  is  most  important,  especially  when  the  parotid  glands 
alone  are  enlarged. 

Treaimenf. — ^The  treatment  of  these  cases  necessarily  depends 
on  the  etiology  of  the  individual  case.  The  recurrent  tumor  in 
this  series  was  treated  by  prophylactic  measures,  absence  of  foods 
that  stimulate  the  secretions,  and  precautions  for  protection  when 
going  into  cold  air.  Thus  treated,  any  enlargement  of  the  tumors 
can    be   prevented.     The   tumor,    under   antispecific    treatment. 
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salvarsan,  potassium  iodid,  and  mercury,  was  hardly  noticeable 
in  six  weeks.  With  the  use  of  the  blue  ointment  locally  the  tuber- 
culous patient  improved  for  a  time,  but  a  letter  from  the  patient 
recently  stated  that  the  condition  had  not  improved  of  late, 
although  the  same  treatment  had  been  continued.  The  case 
associated  with  lymphatic  leukemia  in  connection  with  a  strong 
IX)sitive  total  inhibition  Wassermann  was  put  on  the  antispecific 
treatment,  but  did  not  improve  with  two  months  of  treatment. 
The  treatment  for  Mikulicz's  disease  is  empirical,  as  at  the  present 
time  the  etiology  is  not  known.  Portions  of  the  tumors  may  be 
removed  for  cosmetic  effect,  although  usually  the  tumor  gradually 
returns  to  its  original  size.  At  the  present  time  radium  and  the 
roentgen  ray  seems  to  be  of  the  most  value. 
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STUDIES  IN  SURGERY  OF  THE  TONSIL 
II.  Tonsillectomy  * 

JUSTUS    MATTHEWS 


Complete  removal  of  the  tonsil  in  its  capsule  with  the  least 
possible  danger  and  discomfort  to  the  patient  is  the  cardinal  re- 
quirement of  any  operation  on  the  tonsils.  The  instruments  used 
in  our  clinic  are  a  syringe  with  extension  barrel  and  curved  needle, 
the  Robertson  knife,  Richards  forceps,  and  Ty dings  snare.  The 
tonsils  and  the  mucous  membrane  immediately  surrounding  them 
are  brushed  with  cocain  (10  per  cent.),  and  this  is  relocated  in  five 
minutes.  After  a  like  interval  a  solution  of  novocain  (}<4  per 
cent.)  with  one  minim  of  adrenalin  per  dram  is  injected  into  the 
connective  tissue  about  the  capsules.  When  the  patient  pales 
from  the  effect  of  the  adrenalin,  the  operation  is  commenced. 
The  tongue  is  depressed  until  the  edge  of  the  palatoglossus  is  prom- 
inent in  the  anterior  pillar.  Immediately  behind  the  pillar  appears 
a  triangular  depression  whose  other  side  is  the  tonsillar  portion  of 
the  plica  triangularis,  and  whose  base  is  the  root  of  the  tongue- 
The  point  of  the  knife  is  placed  in  this  depression  and  swept  upward 
in  such  a  manner  as  to  cut  the  mucous  membrane  and  enter  the 
deeper  tissues  between  the  capsule  and  the  anterior  pillar.  The 
incision  is  continued  upward  until  the  superior  pole  of  the  tonsil 
is  reached,  when  the  knife  is  turned  slightly  and  brought  down 
between  the  capsule  and  the  posterior  pillar.  While  this  incision 
is  being  made,  the  tissues  are  not  fixed  by  the  forceps,  and,  as  the 
knife  follows  accurately  the  line  of  least  resistance,  there  is  little 
or  no  danger  of  wounding  the  muscles  surrounding  the  tonsil. 

*  Abstract  of  article  read  before  the  American  Medical  Association,  San  Fran- 
cisco, June  <4, 1915.    Reprinted  from  Jour.  Amer.  Med.  Assooc.,1916,  Ixvi,  503-504. 
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This  single  incision  is  usually  sufficient  to  free  the  superior  pole,  so 
that  it  may  be  grasped  by  the  forceps  and  drawn  inward  and  down- 
ward. While  the  capsule  is  thus  put  under  considerable  tension, 
the  fascia  and  muscle  are  pushed  away  from  it  with  the  flat  surface 
of  the  knife.  The  process  is  continued  until  the  entire  surface  of 
the  capsule,  including  the  insertion  of  the  superior  constrictor 


Fig.  23. — Point  at  which  incision  is  made. 

muscle,  has  been  freed,  so  that  the  tonsil  is  attached  only  at  the 
lower  aspect  of  the  inferior  pole.  Then  the  snare  is  passed  over 
the  forceps  and  tonsil  in  such  a  manner  that  the  free  end  of  the 
loop  engages  the  remaining  attachment  and  the  lymphoid  tissue 
which  appears  on  the  folds  of  the  mucous  membrane  below  it. 
The  lymphoid  tissue  should  be  carefully  removed,  as  it  fre- 
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quently  contains  crypts  which  are  capable  of  furnishing  the  source 
of  local  and  general  infections.  This  point  has  been  mentioned  by 
Thayer  and  others,  but  does  not  receive  the  attention  it  deserves. 
Within  the  last  year  I  have  seen  several  patients  who  suffered  from 
recurring  sore  throat  from  this  source,  and  at  least  three  patients 


Fig.  24. — Condition  of  tonsil  after  incision  has  been  carried  up  along  anterior  pillar  over  upper  pole 
and  down  along  posterior  pillar. 


in  whom  symptoms  of  rheumatoid  arthritis  persisted  after  ton- 
sillectomy, but  disappeared  promptly  after  the  excision  of  sub- 
tonsillar  lymphoid  follicles  containing  suppurating  crypts. 

The   blood-vessels   entering   the   tonsil   that   are    necessarily 
severed  by  tonsil!ec*tomy  are  much  smaller  than  those  in  the  fascia 
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in  contact  innth  the  capsule.  The  latter  are  liable  to  injurv'  by  the 
use  of  a  sharp  instrument  when  separating  the  tonsil  from  the  peri- 
tonsillar tissues,  but  by  the  method  described  the  fascia  is  pushed 
away  with  the  flat  surface  of  the  knife  and  unnecessarj'  hemorrhage 
usually  avoided  (Figs.  23,  24,  25,  and  26). 


Pur-   tS. — ForcrfM  frafpinf  over  Mjprrior  pole  and  dravimr  tnii'Ml   into  phaiynx.     Knife  pa«hinir 
drtprr  fascia  away  from  cap»ule. 


Daring  the  operation  the  tonsillar  branches  of  the  glosso- 
phar\nigeal  ner\'e  are  frequently  seen  as  small  filaments  which 
emerge  from  the  fascia  and  enter  the  capsule  at  one  or  more  points, 
while  the  main  branches  remain  hidden  by  the  superior  constrictor 
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muscle.  This  is  the  normal  condition,  but  occasionally  other  fila- 
ments proceeding  to  the  lower  pharynx  and  the  larynx  of  the  base 
of  the  tongue  may  be  seen.  In  rare  instances  the  entire  terminal 
portion  of  the  glossopharj^ngeal  nerve  pierces  the  superior  con- 


Fig.  26. — Snare  passed  over  toiuil  and  forceps  to  separate  mucous  membrane  and  lymphoid  tissues 

below  inferior  pole. 


strictor  muscle  at  the  insertion  of  the  stylopharyngeus,  and  thence 
to  the  base  of  the  tongue  lies  in  direct  contact  with  the  capsule  of 
the  tonsil.  In  this  situation  these  nerves  are  liable  to  be  cut  during 
operations  for  complete  removal  of  the  tonsils,  but  are  not  within 
the  field  usually  exposed   by   tonsillotomy.     Here  we  find   the 
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explanation  of  the  fact  that  vocal  disability  following  operations 
on  the  tonsils  has  usually  been  associated  with  complete  removal  of 
the  tonsils  with  little  deformity,  while  shocking  mutilations  may 
be  seen  with  no  functional  impairment. 

I  have  recently  seen  a  woman,  operated  on  elsewhere  one  and 
one-half  years  ago,  who  came  complaining  of  discomfort  and  dry- 
ness in  one  side  of  the  pharynx  and  difficulty  and  rapid  fatigue 
in  speaking  or  singing.  Several  laryngologists  had  reported  the 
operative  results  perfect,  and  as  on  first  observation  the  tonsillar 
fossae  were  clean,  my  opinion  agreed  with  theirs.  The  muscles  of 
the  palate,  pillars,  and  tongue  were  uninjured,  and  there  was  a 
minimum  of  scarring.  On  subsequent  observation,  however,  I 
found  on  one  side  the  root  of  the  tongue  depressed,  the  muscular 
action  impaired,  and  the  papillse  and  mucous  membrane  noticeably 
atrophied.  As  only  loss  of  innervation  could  cause  such  changes, 
and  as  the  symptoms  followed  were  the  results  of  tonsillectomy, 
there  is  little  doubt  that  the  terminal  branches  of  the  ninth  ner\e 
were  severed.  This  patient's  complaint  was  typical,  and  it  seems 
reasonable  to  assume  that  others  have  suffered  from  the  same 
cause. 

One  tonsillectomy  patient  of  my  own  and  one  who  had  been 
operated  on  elsewhere  and  came  under  my  obser\'ation  had  clean 
tonsillar  fossae  and  no  visible  cause  for  pain,  but  they  suffered  with 
severe  neuralgia  in  the  nerves  at  the  juncture  of  the  palatoglossus 
muscle  with  the  tongue.  In  a  large  percentage  of  cases  a  short 
section  of  the  terminal  portion  of  the  glossopharyngeal  nerve  is 
exposed  at  this  point  and  liable  to  injury  in  removing  the  tonsil. 
Since  no  other  lesions  can  explain  the  severe  pain,  I  have  concluded 
that  such  an  accident  is  the  probable  cause,  and  have  recom- 
mended, though  without  opportunity  of  trying  it,  injection  of 
alcohol  into  the  trunk  of  the  nerve. 
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It  is  recognized  that  hemorrhage  of  the  stomach  with  or  without 
visible  ulceration  occurs  rather  commonly  during  the  late  stages  of 
severe  streptococcal  infections  in  man  and  animals.  The  cause  of 
the  gastric  lesions  in  these  cases  usually  is  thought  to  be  the  pro- 
found toxemia,  in  spite  of  the  fact  that  many  observers  have  dem- 
onstrated the  presence  of  streptococci  or  diplococci  in  the  lesions 
in  the  mucous  membrane.  The  cause  of  the  usual  ulcer  of  the 
stomach  in  man,  which  tends  to  persist  and  which  occurs  commonly 
in  otherwise  healthy  individuals,  the  usual  symptoms  or  other  evi- 
dences of  infection  being  slight  or  wholly  absent,  is  not  clearly 
established.  The  presence  of  pyorrhea,  as  noted  by  Bolton*  and 
others,  of  blind  abscesses  about  the  roots  of  teeth,  of  chronically 
infected  tonsils  and  sinuses  about  the  head;  the  occurrence  of 
acute  attacks  of  such  infections,  especially  streptococcal,  often  a 
week  or  ten  days  previous  to  acute  ulceration  and  previous  to 
exacerbation  of  symptoms  in  chronic  ulcer;  the  aggravation  of 
symptoms  in  chronic  duodenal  ulcer  during  the  months  w^hen 
throat  and  other  streptococcal  infections  are  particularly  pre- 
valent, as  emphasized  by  Moynihan^;  the  improvement  in  symp- 
toms following  eradication  of  foci  of  infection,  as  noted  especially 
by  Billings^;  and  the  fact  that  streptococci,  when  of  a  certain  grade 
of  virulence,  quite  irrespective  of  their  original  source,  are  prone  to 
localize  in  the  mucous  membrane  of  the  stomach  and  duodenum 
of  animals  following  intravenous  injection,  producing  ulcers  which 

*  tVom  the  Memorial  Institute  for  Infectious  Diseases,  Chicago,  and  the  Mayo 
Clinic,  Rochester,  Minnesota.  Reprinted  from  Jour,  of  Infectious  Diseases,  1915, 
xvii,  219-226. 
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resemble  those  in  man,  as  shown  by  Rosenow^ — all  suggest  strongly 
that  a  localized  streptococcal  infection  may  be  an  important  factor 
in  the  original  production  of  the  ulceration. 

Heretofore,  the  cultures  of  ulcers  of  the  stomach  have  been 
made  chiefly  after  death  and  from  the  floor  of  the  ulcer,  and  not 
usually  from  the  emulsified  tissues  remote  from  the  ulcerated  area. 
The  results,  as  should  be  ex[)ected,  have  been  so  unsatisfactory  as 
to  lead  to  a  general  belief  that  bacteriologic  examination  of  ulcers  as 
they  occur  in  man  cannot  be  made  with  any  degree  of  satisfaction. 
However,  a  systematic  bacteriologic  study  of  the  emulsified  tissues 
surrounding  the  ulceration,  removed  during  life  at  operation,  should 
yield  more  trustworthy  results. 

In  this  paper  we  wish  to  record  the  results  of  cultures  and  of  the 
histologic  examination  of  the  tissues  in  a  series  of  ulcers  and  lymph- 
glands  draining  the  ^ulcers,  excised  at  operation.  We  wish  here  to 
express  our  appreciation  of  the  opportunity  afforded  us  in  the  will- 
ing cooperation  of  Dr.  W.  J.  Mayo,  Dr.  C.  H.  Mayo,  Dr.  E.  S. 
Judd,  Dr.  D.  C.  Balfour,  Dr.  A.  J.  Ochsner,  Dr.  A.  D.  Bevan, 
Dr.  L.  L.  McArthur,  and  Dr.  C.  H.  McKenna. 

Tech  NIC 

The  ulcers  and  other  tissues  were  excised  under  strictly  aseptic 
precautions,  covered  at  once  with  sterile  gauze,  and  cultures  made 
as  soon  as  possible  thereafter,  usually  within  one  to  three  hours. 
After  some  of  the  material  from  the  floor  of  the  ulc^er,  in  suitable 
cases,  had  been  withdrawn  into  a  sterile  pipet  (for  control 
cultures)  and  the  surface  of  the  ulcer  thoroughly  washed  in  run- 
ning, sterile  water,  approximately  one-half  of  the  ulcer  was  excised 
with  a  small,  sterile  scalpel,  the  incisions  being  made  from  the 
normal  tissue  toward  the  center  of  the  ulcerated  area.  The  ex- 
cised part  was  again  washed  thoroughly  in  sterile  water  or  salt 
solution  and  the  emulsion  prepared  in  the  sterile  air-chamber 
directly  if  the  size  of  the  tissue  was  small,  or  after  the  surface  had 
been  sterilized  with  passing  through  a  very  hot  Bunsen  flame  or 
with  a  searing  blade,  if  the  piece  of  tissue  was  large  enough.  Cul- 
tures were  made  in  some  instances  in  the  same  way  from  the 
adjacent  normal  wall  and  in  a  number  of  instances  from  the  in- 
durated area  far  removed  from  the  ulcerated  surface  and  from  the 
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overlying  mucous  membrane.     The  lymph-glands  and  other  tis- 
sues were  treated  in  a  similar  manner. 

The  emulsions  were  prepared  in  dextrose  broth  or  NaCl  solu- 
tion, and  the  cultures  made  chiefly  in  tall  columns  (9-12  cm.)  of 
dextrose  agar  and  broth,  with  and  without  the  addition  of  sterile 
ascites  fluid,  and  on  Loeffler's  blood-serum  and  ascites  agar  slants, 
as  described  by  Rosenow.* 


Fig.  27. — Section  of  chronic,  indurated  ulcer  of  the  stomach  in  a  man  twenty-seven  vears  of  aire. 
Note  the  connective  tissue,  with  little  or  no  cellular  infiltration,  and  the  marked  round-cell  infiltration 
around  blood-vessel  (X  80). 


The  portion  of  the  ulcer  saved  for  microscopic  study  was  fixed 
in  alcohol  or  10  per  cent,  formalin,  embedded  in  paraffin,  stained 
with  hematoxylin  and  eosin,  and  for  bacteria  by  the  Gram-Weigert 
methdd.  In  this  method  complete  decolorization  was  not  prac- 
tised, because  it  was  found  that  streptococci  present  were  very 
easily  decolorized;  hence  decolorization  was  carried  to  a  pale  blue 
only. 
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Cultures  have  been  made  from  ulcers  or  regional  lymph-glands 
or  from  both  in  32  cases.  In  15  the  ulcer  was  situated  in  the  py- 
loric end  of  the  stomach,  in  5  at  the  lesser  curvature,  in  3  in  the 
fundus,  and  in  12  in  the  duodenum.  In  3  cases  there  were  ulcer 
of  both  the  stomach  and  the  duodenum,  (^hronic  appendicitis  was 
associated  with  ulcer  in  7  of  the  cases,  cholecystitis  in  5,  and 
pancreatitis  in  3.  Appendicitis,  ulcer,  and  cholecystitis  coexisted 
in  2  cases;  ulcer,  cholecystitis,  and  pancreatitis  in  1  case.  The 
age  of  the  patients  ranged  from  twenty  to  seventy-two  years.     The 


f 

Fig.  28. — Diplococci  in  peritoneal  coat  of  ulcer  of  the  duodenum  (see  Cose  112  in  Table  1). 

duration  of  the  symptoms  of  ulcer  at  the  time  of  ojyeration  ranged 
from  six  months  to  twenty-three  years. 

Cultures  were  made  from  the  wall  of  ulcers  in  24  cases.  In 
these,  streptococci  were  isolated  in  varying  numbers  (1:5000 
colonies)  in  pure  culture  from  9  ulcers,  and  in  mixtures  in  all  but 
one  of  the  remaining  15.  If  judged  by  the  numbers  of  strepto- 
cocci found  in  the  portion  of  the  ulcers  sectioned,  it  is  certain  that 
the  number  of  colonies  obtained  in  the  cultures  did  not  represent 
the  actual  number  present;  either  some  were  dead  to  begin  with,  or 
from  long  residence  in  the  tissue  failed  to  grow  in  the  new  environ- 
ment, or  many  were  killed  in  the  sterilization  of  the  surface.     In 
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two  cases  of  duodenal  ulcer  (one  and  twelve  years  old)  in  which  the 
ulcers  were  so  situated  as  to  make  their  total  removal  impossible, 
the  usual  streptococcus  was  isolated  from  a  thin  layer  of  the 
inflamed  peritoneum  directly  over  the  ulcer,  and  in  one  from  the 
hyperemic  parietal  peritoneum  directly  opposite  the  ulcer  (Cases 
112,  134).  In  the  former,  diplococci  were  demonstrated  in  the 
tissue  (Fig.  28).  In  the  latter,  this  was  not  attempted.  Non- 
hemolyzing  staphylococci  were  isolated  from  10  cases,  but  never  in 
pure  form.  Staphylococcus  aureus  was  found  in  one  ulcer,  but 
not  in  pure  form  (Case  902).  Bacillus  Welchii,  in  small  numbers, 
was  found  in  the  ulcers  or  glands  in  4  cases.  They  developed  only 
in  those  tubes  containing  a  large  amount  of  the  emulsion.  A 
Gram-positive  bacillus,  proba-bly  belonging  to  the  subtilis  group, 
was  found  in  6  cases,  and  a  large,  unidentified.  Gram-negative 
bacillus  in  3.  The  colon  bacillus  was  found  in  rather  large  num- 
bers in  2  cases  after  death,  and  in  small  numbers  in  a  duodenal 
ulcer  in  one  case  during  life.  Yeast-cells  were  isolated  in  large 
numbers  from  3  ulcers,  and  in  small  numbers  from  1.  A  few 
sarcinae  were  grown  in  one  case,  and  diphtheroid  bacilli  in  3  cases. 


TABLE  1. 


-SUMMARY  OF  FACTS  AND  RESULTS  OF  CULTLHES  IN 
GASTRODl  ODENAL  ULCER 


Care 

Sex 

AND 
AOE 

Prob- 
able Age 
or  Ulcer 

1.. 

F.,  24 

3  years 

< 

F..40 

10  yean* 

B.. 

F..  48 

5  years 

D. 

V 

M.,  41 

15  years 

v.. 

F..M 

6  weeks 

J. 

M..54 

6  years 

«»  09. 

773.. 

M.,  53 

8  years 

77tt.. 

F..  43 

\i  years 

Location  axd  Char.vcter 
OF  Ulcer 


Puckered  ulcer  of  duodenum 
2  cm.  from  the  pylorus  (0.5 
X  0.6  cm.). 

Constricted  ulcer,  anterior  su- 
perior wall,  i  cm.  above  py- 
loric ring,  0.5  cm.  in  diam- 
eter, with  clean  base  and  in- 
filtrated margin. 

Ulcer  of  stomach  causing  hour- 
glass constriction. 

Indurated,  puckered,  deep  ul- 
cer of  pyloric  ring. 

Indurated  ulcer  of  stomach. 

Ulcer  of  duodenum  i  cm.  be- 
yond pyloric  ring. 

Indurated   ulcers   in   stomach 

and  duodenum. 
Indurated  ulcer  of  pylorus. 


Indurated  duodenal  ulcer  ad- 
herent to  gall-bladder. 

Indurated  healing  ulcer  of 
duodenum. 


Result  of  Culturbs 


100  colonies  of  streptococci;  a  few  sta- 
phylococci. 

A  few  colonies  of  large.  Gram-staining 
bacilli  and  staphylococci,  and  iSO  col* 
onies  of  streptococci. 


Moderate  number  of  streptococci  and 
staphylococci. 

Many  colonies  of  yeast.  Gram-negative 

^  bacilli,  streptococci,  and  staphylococci. 

Streptococci  and  a  few  staphylococci,  and 
a  large  Gram-negative  bacillus. 

*00  colonies  of  streptococci;  n  few  col- 
onies of  staphylococci  and  saprophytic 
bucilli. 

Pure  culture  of  streptococci. 

Streptococci,    staphylococci,    and    large 

number  of  colon  bacilli  (culturcji  made 

after  death.) 
1500   colonies   of  staphylococci  and  iO 

colonies  of  streptococci. 
IHO  colonies  of  staphylococci;   8  colonies 

of  Htrentocooc'i. 
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Table  1.- 


-SUMMARY  OF  FaCTS  AND   RESULTS  OF  C'ULTUHE   IN   GaSTRODUODENAL 

I'lcer. — (Contifwed) 


Ca»s 


Sex 

AND 

Age 

Prob- 
able Age 
or  Ulcer 

M.,4e 

7  yearj 

M.,  50 

M.,  W 

3  months 

JJ  Vdrlu 

M..  46 

M.,  47 

H  ycHrs 

M..51 

4  years 

F..«) 

A  few  days 

F.,4i 

6  months 

F. 

Many 
years 

F..  6< 

10  da>-.i 

Many 

years 

M..  69 

1 1  yean 

M,54 

lOyeam 

F.,51 

1  year 

M..  55 

7  years 

M..  «0 

10  years 

M.,  «9 

H  years 

Location  axd  Character 
or  Tlcer 


Result  or  Cultures 


849. 
860. 

870. 

885. 
886. 
893. 

90i. 
904. 


947. 
81. 


5i. 
63. 


8^. 
83. 
IM 


HO. 
H6 
134. 


Indurated  ulcer  of  duodenum. 

.\  number  of  hard  scars  in  py- 
lorus and  duodenum,  in- 
durated undermined  ulcer  of 
pylorus  (1  X  0.6  cm.). 

Large,  markedly  indurated 
ulcer,  extending  half  way 
around  pylorus 

.\cute  perforating  ulcer  of 
stomach. 

Chronic  ulcer  of  stomach. 

Indurated  ulcer  of  duodenum, 
(<.5  cm.),  perforated  into 
bead  of  pancreas. 

Wry  large, markedly  indurated, 
crater-like  ulcer  of  pylorus 
a  X  <.5  cm.). 

Small,  numerous,  punctate  ul- 
cers of  stomach,  chiefly  of 
fundus. 

Ulcer  of  stomach. 

Adherent  ulcer  of  duodenum. 


Markedly  indurated  ulcer  of 
pylorus,  margin  abrupt,  hard, 
and  crater-like  (3  x  2.5  cm.). 


Five  ulcers,  three  in  the  duo- 
denum and  two  in  pylorus. 

Indurated  ulcer  of  lesser  cur- 
vature. 

Indurated  ulcer,  posterior  wall 
near  lesser  curvature. 


Large  indurated  ulcer  of  lesser 
curvature. 

Ulcer  of  duodenum  perforating 
into  pancreas. 

Large  ulcers,  one  of  lesser 
curvature  and  one  of  duo- 
denum. 


Subacute  ulcer  of  duodenum; 
visceral  and  parietal  peri- 
toneum markedly  congested. 


Ulcer  of  duodenum  just  be- 
yond pylorus,  involving  al- 
most entire  circumference. 

Ulcer  of  duodenum  i  cm.  be- 
yond pyloric  ring  with  re- 
cent perforation. 

Duodenal  ulcer  just  beyond 
pylorus. 


One   colony   of  streptococci  from  gland 

draining  ulcer. 
Pure  culture  of  streptococci  from  depths 

of  ulcer;  gland  sterile. 


Staphylococci,  streptococci,  and  a  few 
colonies  of  Bacillus  Welchii. 

5000  colonics  of  a  distinct,  green-pro- 
ducing streptococcus  in  pure  culture. 

Lymph-gland  cultured:  two  colonies  of 
streptococci  and  10  of  Bacillus  Welchii. 

*000  colonies  of  yeast,  and  a  few  sarcinse 
and  streptococci  from  ulcer;  from  gland 
streptococci  only;  adjacent  normal  mu- 
cous membrane  sterile. 

340  colonies  streptococci;  1*0  colonies 
Staphylococcus  aureus,  and  50  colonies 
of  a  diphtheroid  bacillu.*. 

Large  number  of  green-producmg  strep- 
tococci with  marked  involution  forms, 
a  few  staphylococc,  iand  colon  bacilli 
(cultures  made  six  hours  after  death). 

Cultures  of  gland  from  pylorus  remained 
sterile. 

Gland  shows  approximately  4*200  colonies 
of  green-proaucing  streptococci  in  pure 
culture. 

Streptococcus  viridans.  Gram-positive 
and  negative  bacilli,  and  staphylococci 
from  floor  of  ulcer;  streptococci  from 
depths  of  indurated  wall  and  from  ad- 
jacent lymph-gland. 

6000  colonies  streptococci,  moderate 
numberof  colon  bacilli,and  a  fewstaphy- 
lococci  (culture  made  soon  after  death). 

Gland  cultured:  spore-l)earing  bacilli, 
streptococci,  and  staphylococci. 

From  cultures  from  floor  of  ulcer,  a  few 
staphylococci:  from  emulsion  of  wall, 
two  colonies  of  streptococci  and  Gram- 
staining  bacilli. 

Cultures  from  two  glands  negative. 

Cultures  from  gland  negative. 

From  duodenal  ulcer,  a  few  colonies  of 
colon  bacilli.  Bacillus  Welchii,  staphylo- 
cocci, and  streptococci.  From  gastric 
ulcer,  large  number  of  yeast  colonies  in 
upper  portion  of  tube. 

From  parietal  peritoneum,  five  colonies 
of  streptococci;  from  visceral  perito- 
neum directly  over  ulcer,  moderate  num- 
ber of  streptococci  and  a  few  colonies  of 
slender.  Gram-staining  bacilli. 

Gland  gave  18  colonies  of  streptococci. 


Gland  gave  pure  culture  of  streptococci. 


Peritoneum  directly  over  ulcer  gave  pure 
culture  streptococci. 


The  results  of  the  cultures  in  the  broth  were  usually  the  same  as  those  in  the  agar,  although  in  some 
instances  the  former  were  positive  when  the  latter  were  negative.  The  iinai'rohic  cultures  on  blood- 
agar  and  Loeffler's  serum  slants  were  nearly  alwavs  sterile.  .\  number  of  times  marked  odor-producing 
bacilli  were  isolated,  but  these  were  not  identified 
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Lymph-glands,  varying  in  size  from  0.5  to  1.5  cm.  in  diameter, 
draining  the  ulcers,  were  cultured  in  11  cases.  Of  these,  5  appeared 
to  be  sterile,  4  yielded  streptococci  in  pure  culture,  2  streptococci 
together  with  a  few  colonies  of  Bacillus  Welchii.  Colon  bacilli 
were  not  found  in  any  of  the  glands.  The  glands  which  proved 
sterile  were  all  from  cases  of  ulcer  of  long  standing  in  which  no 
exacerbation  of  symptoms  occurred  shortly  before  surgical  inter- 
vention. 

Both  the  ulcer  and  the  adjacent  lymph-glands  were  cultured  in 
two  cases  (89  and  31).  The  glands  in  both  yielded  pure  cultures  of 
streptococci:  the  ulcer  in  Case  89  gave  these  together  with  yeast 
and  sarcinae;  in  Case  31  the  ulcer  gave  Streptococcus  viridans. 
Gram-positive  and  negative  bacilli,  and  staphylococci  from  the 
floor  of  the  ulcer,  while  the  emulsion  of  the  wall  showed  the  same 
streptococcus  as  the  lymph-gland  in  pure  culture. 

Cultures  from  the  material  aspirated  from  the  floor  of  the  ulcers 
were  made  in  10  instances,  and  from  the  emulsions  of  the  adjacent 
normal  gastric  wall  in  6.  Four  of  the  former  and  3  of  the  latter 
proved  entirely  sterile.  In  5  of  the  former  and  in  1  of  the  latter 
yeast-cells  and  sarcinae  were  found  in  large  or  small  numbers. 
These  always  grew  only  under  strictly  aerobic  conditions,  especially 
in  the  upper  one-third  of  the  tubes  of  dextrose  agar.  A  few  colonies 
of  staphylococci  were  found  in  six  of  the  cultures  from  material  from 
the  floor  of  the  ulcer,  and  in  one  of  those  from  emulsions  of  the 
gastric  wall,  and  a  few  colonies  of  a  large,  Gram-positive,  aerobic 
bacillus  in  four  of  the  former.  Hemolytic  and  green-producing 
streptococci  developed  in  small  numbers  from  the  material  from  the 
floor  of  the  ulcer  in  three  instances,  while  from  the  normal  gastric 
wall  streptococci  did  not  develop  in  a  single  instance. 

Altogether,  a  more  or  less  thorough  search  for  bacteria  in  stained 
sections  was  made  in  27  ulcers  of  the  stomach  and  20  ulcers  of  the 
duodenum.  In  15  of  the  gastric  and  10  of  the  duodenal  ulcers 
cultures  were  made;  the  rest  had  been  preserved  in  10  per  cent, 
formalin  for  from  two  to  five  years  in  the  museum  of  the  Mayo 
Clinic.  Sections  from  all  ulcers  were  stained  with  hematoxylin 
and  eosin.     Diplococci  or  short  chains  of  streptococci  were  found 
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in  the  depths  of  the  wall  in  21  of  the  ulcers  from  the  stomach 
(Figs.  29,  30, 31,  and  34),  and  15  of  those  from  the  duodenum  (Figs. 


Fig.  "iO. — Sirrptococci  and  leukoc>^ic  infiltration  in  peritoneal  coat  in  perforating  ulcer  of  stomach  in 

man  (X  1200). 
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Fig.  SO. — ^Streptococci  and  leukocytic  infiltration  in  peritoneal  coat  in  acute  ulcer  of  stomach  in  a  woman 
sixty-two  years  of  age  (X  1«00). 


32  and  33) .  It  was  found  that  the  best  place  to  search  for  the  strep- 
tococci was  near  areas  of  leukocytic  infiltration  in  the  subperi- 
toneum  and  along  what  appeared  to  be  partition  membranes  or 

15—5 


66  EDWARD   C.   ROSENOW  AND   ARTHUR   H.    SANFORD 

lymph-channels.     Yeast-cells  were  found  in  large  numbers  in  three 
ulcers  in  the  more  or  less  dense  connective  tissue,  and  in  small 
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Fig.  31. — Diploooccus  in  depths  of  scar  tissue  far  away  from  ulcerated  surface  in  an  indurated  ulcer 
of  lesser  curvature  in  a  man  fifty-six  years  of  age.  Ulcer  present  for  five  years:  no  exacerbation  of 
symptoms  shortly  before  operation  (X  1200). 
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Fig.  34. — Streptococci  in  depths  of  chronic  Ihrec-year  ulcer  of  duodenum  in  a  woman  forty-three  ycar% 
of  age.    No  history  of  recent  acute  attack  ( X  KOO). 

numbers  in  nine  others  of  the  ulcers  of  the  stomach  and  in  only 
three  of  those  of  the  duodenum.     In  the  one  ulcer  which  showed 
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Staphylococcus  aureus  in  the  cultures,  Gram-staining  cocci  were 
found  in  the  depths  of  the  tissue.     No  bacteria  were  found  in  the 


• 


Fig.  SS. — Strvptocorci  between  mucous  inlands  at  the  base  of  a  chronic  four-year  ulcer  of  duodenum  with 
acute  symptoms  for  ten  weeks  before  operation  (X  WOO). 


Fig.  S4. — Streptococci  and  leukocytic  infiltration  in  chronic  ulcer  with  acute  exacerbation  shortly  before 

operation  (X  1200). 

adjacent  normal  mucous  membrane  in  any  case,  and  the  floor  of 
the  ulcer  only  occasionally  showed  bacteria  in  the  sections,  and, 
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except  in  the  ulcers  excised  after  death,  the  number  of  these  was 
small,  consisting  usually  of  large  saprophytic  bacilli,  yeast-cells, 
and  sarcinae.  In  two  of  the  lymph-glands  a  few  Gram-staining 
diplococci  were  found  in  sections,  both  having  yielded  streptococci 
in  cultures  (Cases  120  and  H6);  while  in  one  draining  a  duodenal 
ulcer  of  six  months'  duration  (Case  947)  the  sections  showed  a 
rather  large  number  of  diplococci,  and  the  portion  cultured  4£00 
colonies  of  green-producing  streptococci  in  pure  culture.  Cultures 
or  sections  have  been  made  from  ulcers  or  glands  draining  ulcers, 
altogether  in  54  cases,  and  Gram-staining  diplococci  or  streptococci 
have  been  demonstrated  in  42  of  these. 

A  study  of  the  clinical  history  of  the  cases  of  ulcer  in  conjunction 
with  the  sections  stained  with  hematoxylin  and  eosin  and  by  Gram's 
method,  and  the  results  of  the  cultures  from  the  lymph-glands 
draining  ulcers  and  of  the  ulcer  wall,  show  that  the  number  of 
streptococci  is  greatest  in  the  relatively  acute  ulcers  and  in  chronic 
ulcers  in  which  the  clinical  history  and  cellular  infiltration  indicate 
a  recent  lighting  up  of  the  infection,  and  fewest  or  even  absent  in 
the  very  chronic,  markedly  indurated  ulcers  with  no  clinical  micro- 
scopic evidence  of  recent  acute  inflammation.  Thus,  in  two  cases 
of  gastric  ulcer  in  which  yeast  colonies  were  obtained  in  large  num- 
bers, showing  their  presence,  when  stained,  in  the  depths  of  the 
tissue,  in  one  of  which  a  few  streptococci  were  found  and  in  the 
other  none  at  all,  the  ulcers  were  markedly  indurated,  sections 
showed  no  recent  cellular  infiltration,  and  the  clinical  history  no 
recent  increase  in  symptoms — circumstances  suggesting  clearly 
that  the  ulcers  had  existed  from  ten  to  fifteen  years.  No  such 
parallelism  can  be  made  out  in  the  case  of  any  of  the  other  bacteria. 

The  results  show  that  the  bacterial  flora  of  ulcers  excised  at 
operation  is  very  much  simpler  than  that  of  ulcers  excised  after 
death.  The  number  and  kinds  of  bacteria  are  relatively  few,  so 
that,  contrary  to  the  view  generally  held,  reliable  bacteriologic 
examination  of  gastric  and  duodenal  ulcers  in  man  can  be  made  if 
proper  methods  are  employed. 

The  cultural  and  other  properties  of  the  strains  of  streptococci 
isolated,  particularly  their  pathogenicity,  are  reserved  for  a  later 
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paper.  It  is  suflBcient  here  to  state  that  the  strains  from  27  cases — 
all  from  chronic  ulcers — produced  small,  moist,  non-adherent,  dis- 
crete, grayish-brown  or  grayish-green  colonies  on  blood  (human) - 
agar  plates,  and  produced  relatively  short  chains  and  diplococci, 
and  a  diffuse  turbidity  with  much  acid  in  dextrose  and  ascites 
dextrose  broth,  and  that,  when  injected  into  dogs,  rabbits,  and 
guinea-pigs,  the  strains,  on  isolation,  showed  a  relatively  low  grade 
of  virulence,  but  a  marked  tendency  to  localize  in  the  mucous  mem- 
brane of  the  stomach  and  duodenum,  producing  circumscribed 
areas  of  infection  associated  with  hemorrhage  and  ulceration  in  a 
high  percentage  of  the  animals  inoculated  intravenously;  that  in 
three  cases — all  from  relatively  acute  ulcers — streptococci  were 
isolated  which  produced  typical  green  colonies  and  usually  long 
chains  in  dextrose  broth,  but  also  showed  marked  affinity  for  the 
mucous  membrane  of  the  stomach  or  duodenum.  The  strepto- 
cocci from  the  ulcers  did  not  show  such  preference  for  relatively 
anaerobic  conditions  in  ascites  dextrose  broth  as  had  those  from 
rheumatism.  The  largest  number  of  colonies  were  found  usually 
in  the  upper  one-half  of  the  tube. 

The  apparently  almost  constant  occurrence  of  streptococci  in 
the  depths  of  ulcer,  occurring  in  man,  commonly  the  more  numer- 
ous the  younger  the  ulcer  and  the  more  marked  the  cellular  infiltra- 
tion, to  the  total  or  almost  total  exclusion  of  other  bacteria,  and 
the  fact  that  when  injected  into  animals  such  streptococci  show  a 
marked  tendency  to  localize  in  the  stomach  or  duodenum,  a 
propertj*^  which  other  strains  of  bacteria  isolated  do  not  possess, 
taken  in  conjunction  with  clinical  facts,  constitute  good  evidence 
that  the  streptococci  are  not  merely  accidental  secondary  invaders 
of  the  tissues,  but  are  commonly  the  original  cause,  as  well  as  the 
important  factor  in  preventing  the  healing  of  the  ulcer. 
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THE  TROPHIC  ELEMENT  IN  THE  ORIGIN 
OF  GASTRIC  ULCER* 


LUIGI    DURANTE 


It  has  been  found  that  gastric  ulcer  can  easily  be  produced  by 
the  following  conditions: 

1.  By  lesions  of  the  central  nervous  system. 

2.  By  lesions  of  the  gastroduodenal  nerves,  i.  e.,  disturbing 
the  innervation  of — (a)  The  vagus  cervicalis,  thoracic  subdia- 
phragmatic; (6)  the  sympathetic  nervous  system  in  the  rami 
which  communicates  between  the  fifth  and  ninth  dorsal  vertebrae 
in  the  thoracic  and  subdiaphragmatic  splanchnic  nerves,  in  the 
solar  plexus,  and  in  the  lumbar  chain. 

3.  Through  local  circulatory  disturbances  by  means  of  em- 
bolism. 

4.  Through  ligation  of  the  portal  veins. 

5.  By  removal  of  the  adrenals. 

6.  By  trauma  of  the  epigastric  region. 

7.  By  direct  trauma  of  the  stomach. 

8.  By  artificially  produced  hemoglobinemia. 

9.  By  anemia  produced  by  pyrodin. 

10.  By  the  ingestion  of  bacteria. 

11.  By  intravenous  injection  of  bacteria. 

12.  By  intravenous  injection  of  bacterial  toxins. 

13.  By  intravenous  injection  of  mineral  poisons  and  autolytic 
toxins. 

14.  By  intravenous  injection  of  adrenalin. 

15.  By  injection  of  adrenalin  into  the  wall  of  the  stomach. 

*  Read  by  invitation  before  the  American  Surgical  Association,  Rochester, 
Minn.,  June  9,  1915.  Reprinted  from  Surg.,  Gyn.  and  Obstet.,  1916,  xxii,  39^ 
406. 
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16.  By  cutaneous  bums. 

17.  By  artificially  produced  insuflSciency  of  the  pylorus  and 
ingestion  of  the  trypsin. 

The  above  methods  have  been  used  singly  or  in  the  following 
combinations:  (1)  Joint  resection  of  the  vagus  and  sympathetic 
nerves;  {i)  trauma  and  ingestion  of  0.5  per  cent,  hydrochloric 
acid;  (3)  trauma  and  anemia  produced  by  graduated  bleeding; 
(4)  trauma  combined  with  bacterial  infection;  and  (5)  resection 
of  the  cervical  spinal  cord  combined  with  injection  of  0.5  per  cent, 
hydrochloric  acid. 

It  must  be  borne  in  mind  that  whereas  some  experiments  yield 
positive  findings,  control  experiments  often  give  negative  results. 
This  has  been  especially  true  of  the  experiments  dealing  with  the 
disturbance  of  the  vagus  or  the  sympathetic  ner\'ous  system. 

It  will  be  readily  understood  that,  with  the  extensive  experi- 
mental material  at  their  command,  the  defendants  of  any  given 
theory  could  easily  cite  facts  apparently  proving  their  conception 
to  be  correct,  while  the  opponents  could  as  easily  collect  contra- 
dictoiy  evidence.  Hence  no  theor>^  has  gained  general  acceptance, 
since  no  conclusive  e\idence  could  be  brought  forward  in  any  one 
angle  case.  To  make  e\idence  conclusive,  gastric  ulcer  has  to  be 
reproduced  in  animals. 

As  far  as  is  compatible  with  the  peculiar  morphology  of  the 
species,  the  lesion  created  must  be  a  destruction  of  tissue  identical 
in  animals  as  regards  anatomic  and  pathologic  structure,  with 
acute  and  chronic  ulcer  in  man. 

The  Pathogenetic  Problem. — ^The  lesion  must  occur  under  condi- 
tions similar  to  those  needed  for  the  formation  of  ulcer  in  man. 
Under  normal  conditions  the  >itality  of  the  gastric  mucosa  is  di- 
rectly dependent  on  three  factors:  secretion,  circulation,  and  in- 
ner\'ation  (the  latter  being  the  result  of  the  two  former)  inasmuch 
as  the  secretory  glands  are  stimulated  by  nerve  impulses  and  food- 
supply  through  their  inner\'ation  and  blood-v^essels.  In  order  to 
obtain  a  *' clean  experiment,'*  we  must  create  a  disturbance  in  one 
or  more  of  these  three  fundamental  factors,  thus  attacking  the  life 
of  the  cell  at  its  verj*^  roots. 
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Secretion, — ^The  pathogenetic  value  of  the  gastric  juice  (if  the 
latter  can  be  considered  a  cause  of  gastric  lesions  through  auto- 
digestion  of  the  mucosa)  is  by  no  means  clear.  This  may  be 
the  result  of  one-sided  conceptions.  Faulty  clinical  deductions, 
stating  that  gastric  ulcer  must  be  accompanied  by  and  originate 
from  hyperacidity,  have  suggested  the  following  series  of  experi- 
ments: (a)  Giving  hydrochloric  acid  by  mouth  over  a  prolonged 
period;  (b)  the  use  of  subcutaneous  injections  of  hypertonic 
sodium  chlorid  solutions  intended  to  increase  the  actual  amount  of 
hydrochloric  acid  in  the  gastric  juice. 

Only  negative  results  were  obtained  by  these  methods,  which 
were  bound  to  result  in  failure,  since  the  promise  that  quick  diges- 
tion is  the  result  of  hyperacidity  is  itself  based  on  misconception. 
If  we  are  to  accept  the  theory  that  destruction  of  tissue  can  be 
caused  by  autodigestion,  more  accurate  knowledge  of  the  actual 
chemical  value  possessed  by  each  of  the  various  components  of 
the  gastric  juice  should  lead  us  to  attribute  these  lesions  of  the 
mucosa  either  to  an  excessive  production  of  peptic  or  to  an  insuffi- 
cient quantity  of  antipeptic  ferment. 

Both  hyperacidity  and  hypoacidity  are  met  with  in  gastric 
ulcer,  and  should  rationally  be  considered  useful  and  natural 
measures  of  defense,  counterbalancing  the  corroding  effects  of  the 
pepsin,  since  Pawlow's  experiment  has  proved  that  in  vivo  as  well 
as  in  vitro  the  activity  of  pepsin  is  inhibited  by  both  hj'peracidity 
and  hypoacidity. 

If  any  influence  on  the  course  of  gastric  ulcer  can  be  ascribed 
to  the  gastric  juice, — and  we  may  readily  conceive  that  it  cannot 
be  entirely  without  effect,  since  gastric  ulcers  appear  in  that  part 
of  the  digestive  tract  which  is  constantly  brought  into  contact 
with  the  gastric  juice,  or  in  places  that  have  been  artificially  put 
under  similar  conditions  (gastro-enterostomy), — we  are  logically 
bound  to  attribute  this  influence  to  the  action  of  the  gastric  fer- 
ments whose  chemical  activity  has  not  thus  far  been  clearly  dem- 
onstrated. 

Circulation, — ^Among  the  experiments  aiming  at  the  reproduc- 
tion of  gastric  ulcer  through  disturbed  circulation,  those  blocking 


TROPHIC    ELEMENT    IN   ORIGIN   OF   GASTRIC   ULCER  73 

the  minor  vessels  of  the  gastric  mucosa  by  means  of  embolism  have 
given  the  most  satisfactory  results.  No  results  have  been  obtained 
by  obstruction  of  the  larger  gastric  and  duodenal  vessels.  The 
following  explanation  seems  admissible  for  the  phenomenon:  the 
larger  vessel  can  reestablish  a  sufficient  circulation  by  means  of 
collaterals;  the  small  vessels,  on  the  contrary,  though  they  cannot  be 
called  "terminal"  in  the  true  anatomic  sense,  are  in  reality  "ter- 
minal "  from  a  functional  point  of  view,  and  are  incapable  of  supply- 
ing a  sufficient  collateral  circulation. 

The  formation  of  gastric  ulcer  on  the  basis  of  embolic  obstruc- 
tion in  the  minor  vessels  of  the  gastric  mucosa  has  proved  con- 
clusively that  a  disturbance  of  circulation  in  these  vessels  is  in 
itself  sufficient  to  produce  typical  circumscribed  necrosis  of  the 
mucous  membrane;  the  necrotic  area  thus  formed  is  conic  in 
shape,  its  base  being  nearest  the  surface,  and  presenting,  after 
removal  of  the  slough,  the  true  picture  of  gastric  ulcer.  Ulcers 
thus  produced  are,  as  shown  by  the  initial  lesion  and  by  their  sub- 
sequent development,  an  exact  replica  of  acute,  not  chronic,  ulcer  in 
man.  They  end  in  the  formation  of  a  scar  with  a  complete  regenera- 
tion of  the  mucosa  (at  least  in  such  animals  as  survive  operation  for 
a  sufficiently  long  period).  Every  attempt  at  thus  reproducing 
chronic  ulcer  has  resulted  in  failure.  If,  as  has  been  shown,  the 
pathogenesis  of  acute  ulcer  may  be  explained  by  circulatory  dis- 
turbances of  embolic  origin,  this  explanation  has  proved  inade- 
quate to  solve  the  problem  of  the  origin  of  chronic  gastric  ulcer. 

Innervation, — Physiology  has  not  yet  clearly  established  what 
phenomena  in  the  various  phases  of  gastric  motility  and  secretion 
are  to  be  attributed  to  the  influence  of  the  vagus  or  the  sympa- 
thetic nerves  respectively.  This  is  probably  due  to  the  fact  that 
both  systems  of  innervation  are  so  intimately  associated — by 
their  anatomic  features  as  well  as  by  their  functional  activity — 
that  it  is  practically  impossible  to  stimulate  the  one  system  by 
itself  and  prevent  the  action  of  the  stimulus  from  being  trans- 
mitted to  the  other. 

Recent  investigations  have  shown  that  both  systems  of  inner- 
vation are  equally  involved  in  the  regulation  of  secretion  and  mo- 
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tility,  both  exerting  an  exciting  and  restraining  influence  at  the 
same  time. 

The  sympathetic  nerve,  moreover,  apart  from  the  functions  in 
which  it  cooperates  with  the  vagus,  also  controls  the  circulation  of 
the  vasomotor  nerves  of  the  stomach,  and  carries  impulses  of  pro- 
found sensibility  to  the  central  nervous  system.  Owing  to  the 
part  which  the  sympathetic  nerve  plays  in  the  nutrition  of  the  gas- 
tric mucosa,  by  regulating  its  circulation  the  title  of  "trophic 
nerve"  is  applicable  to  it  in  the  most  liberal  sense. 

As  has  already  been  stated,  attempts  to  reproduce  gastric  ulcer 
by  means  of  disturbed  innervation  result  in  a  great  diversity  of 
findings;  and  if  positive  and  negative  results  cannot  actually  be 
said  to  contradict  each  other,  at  least  the  latter  contain  many  new 
suggestions  for  the  unraveling  of  the  problems  in  question. 

Although  lesions  presenting  all  the  anatomic  features  of  acute 
ulcer  in  man  could  be  produced,  it  did  not  seem  possible  to  obtain 
the  true  chronic  form.  The  only  description  of  artificial  ulcers, 
presenting  anatomic  features  of  chronicity  and  produced  by  dis- 
turbed innervation,  may  be  found  in  Dalla  Vedova's^  monograph; 
these  were  obtained  either  by  injecting  alcohol  into  the  splanchnic 
nerves,  or  by  resecting  these  nerves  after  laparotomy. 

Personal  Findings.^ — Dalla  Vedova's  method  suggests  the  fol- 
lowing criticism:  Ulcers  forming  after  a  laparotomy  has  been  done 
cannot  be  said  to  be  the  direct  result  of  nerve-resection  only,  as  the 
manipulations  needed  to  reach  the  nerves  are  bound  to  disturb 
and  damage  the  surrounding  viscera.  It  need  hardly  be  empha- 
sized that  the  operative  technic  is  of  primary  importance  in  experi- 
ments of  this  kind,  but  even  with  faultless  technic  the  fact  remains 
that  lesions  which,  under  normal  conditions  of  circulation  and 
innervation,  might  be  of  little  consequence,  are  bound  to  give  rise 
to  severe  complication  when  the  nerves  themselves  have  been 
tampered  with.  To  defend  my  experiments  against  these  very 
valid  objections,  I  have  chosen  the  lumbar  route  for  operation, 
and  attacked  the  splanchnic  nerves  extraperitoneally  with  one  inci- 
sion in  the  middle  space  of  the  costovertebral  angle.  This  method, 
though  by  no  means  easy,  excludes  all  damage  to  the  viscera,  and 
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also  enables  one  to  resect  the  large,  the  median,  or  the  small 
splanchnic  nerve  indi\ndually.  I  have  used  dogs  and  rabbits  for 
my  experiments,  with  a  view  to  comparing  the  results  to  be 
obtained  in  animals  presenting  different  types  of  morphologic  evo- 
lution and  dependent  on  a  different  diet  for  nutrition. 

The  following  results  were  obtained  after  resection  (75  experi- 
ments) of  the  right  and  left  splanchnic  nerves: 

1.  Xeithers  ubsequent  hemorrhagic  nor  necrotic  lesions  were 
found  to  occur  after  resection  of  the  major  splanchnic  nerve  during 
a  period  of  observation  lasting  from  one  to  one  hundred  and  twenty- 
five  days.  Immediately  after  operation,  however,  signs  of  con- 
gestion might  be  seen  in  the  gastric  mucosa  which  cleared  up  in 
about  ten  or  twelve  days.  Slight  atrophy  of  the  gastric  cells, 
more  particularly  of  the  zymogenic  cells,  remained. 

2.  Resection,  or  ligation  by  means  of  silk  thread,  of  the  median 
splanchnic  nerve  invariably  caused  numerous  circumscribed 
hemorrhagic  lesions  side  by  side  with  non-hemorrhagic  lesions, 
presenting  the  characteristics  of  simple  necrotic  degeneration. 
These  lesions  we  have  found  in  the  "cardiac  pouch"  in  rabbits  and 
in  the  pyloric  region  in  dogs.  Hemorrhagic  lesions  of  the  pylorus 
and  duodenum  are  rare  in  rabbits,  while  duodenal  lesions  are  rare 
in  dogs. 

3.  Resection  of  the  minor  splanchnic  nerve  occasionally  re- 
sulted in  slight  hemorrhagic  lesions  in  the  above-mentioned  regions. 

4.  Simultaneous  resection  of  both  median  and  minor  splanch- 
nics  caused  lesions  identical  with  those  already  mentioned. 

5.  Combined  resection  of  the  three  splanchnic  nerves  produced 
lesions  identical  with  those  described  for  the  median  branch,  only 
more  pronounced  in  character. 

6.  Whenever  the  median  splanchnic  nerve  alone  was  resected 
or  ligated,  signs  of  hemorrhage  and  intense  congestion  of  all  the 
blood-vessels  were  seen  in  the  adrenal  of  the  corresponding  side 
in  both  medulla  and  cortex;  but  those  changes  did  not  occur  if  the 
major  splanchnic  nerve  alone  was  resected. 

Macroscopically,  the  hemorrhagic  lesions  produced  by  resec- 
tion of  the  median  splanchnic  nerve  have  the  appearance  of  small 


76 


LUIGI    DURANTE 


dark  specks  which  are  sometimes  grouped  together  so  as  to  form 
circular  hemorrhagic  areas  from  5  to  10  ram.  in  diameter.  These 
areas  may  be  seen  a  few  hours  after  operation  (Fig.  35).  In  the 
various  stages  of  their  development  the  initial  lesion  appears  to 
be  due  to  a  minute  lesion  in  a  blood-vessel  of  the  muscularis 
mucosae;  from  this  point  the  hemorrhage  spreads,  infiltrating  and 
destroying  the  mucosa.     The  hemorrhagic  area  becomes  conic  in 


Fig.  35. — Rabbit's  stomach  six  hours  after  resection  of  left  middle  splanchnic  nerve.     Extensive 
hemorrhagic  condition  of  mucous  membrane. 


shape,  its  base  coincident  with  the  surface  of  the  mucous  mem- 
brane (Fig.  36). 

Sometimes  the  force  with  which  the  hemorrhage  starts  is  so 
great  that  its  mere  mechanical  action  suffices  to  rupture  all  the 
layers  of  the  gastric  mucosa,  as  seen  in  the  stomach  of  a  rabbit 
which  died  about  six  hours  after  operation  (Fig.  37).  The  two  vari- 
eties of  hemorrhagic  lesion,  i.  e.,  hemorrhagic  specks  and  groups 
of  these,  heal  without  any  apparent  connective-tissue  reaction, 
through  regeneration  of  the  gastric  mucous  epithelium,  the  latter 
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growing  do\ni  along  the  edges  of  the  ulcers  and  lining  the  cavities 
(Fig.  38). 

In  lesions  resulting  from  direct  injury  to  the  mucosa  healing  is 
far  more  rapid.  In  these  hemorrhagic  lesions  the  ulcerous  cavity 
is  not  completely  covered  by  epithelium  even  twenty-five  days 
after  operation.     This  seems  to  justify  the  conclusion  that  dis- 


Ftff.  96. — Hemorrhagic  lesion  of  mucous  membrane  from  blood-veflseU  of  muscutaris  mucoMr. 
Rabbit  s  stomach  two  hours  after  resection  of  left  small  splanchnic  nerves  (X60).  Hematoxylin-eosin 
staio. 


turbed  innervation  not  only  causes  circumscribed  hemorrhages, 
but  also  results  in  a  slight  alteration  of  the  entire  mucosa.  Careful 
observation  reveals  the  histologic  features  to  consist  in  a  sHght 
degree  of  atrophy  of  all  the  cells,  especially  of  the  zymogenic  cells, 
and  a  certain  amount  of  distortion  in  the  formation  of  gastric 
glands.     This  points  to  a  process  of  retarded  regeneration. 
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Fif?.  S7. — Hemorrhagic  lesion  from  violent  rupture  of  the  blood-vessels  of  the  musculari<i  mucosae 
and  destruction  of  the  mucou«  membrane.  Rabbit's  stomach  six  hours  after  resection  of  right  and 
middle  splanchnic  nerves  (X60).    Bensley's  stain  for  zymogen  granules. 


Fig.  38. — Spastic  condition  of  the  blood-vessels  of  muscularis  mucosae  Incipient  necrotic  area 
in  the  mucous  membrane.  Rabbit's  stomach  six  hours  after  resection  of  left  middle  splanchnic  nerve 
(X60).    Bensley's  zymogenic  stain. 
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As  stated  above,  necrotic  areas,  as  well  as  hemorrhagic  lesions, 
are  found  in  these  experiments.  The  former  are  few  in  number, 
and  show  macroscopically  as  small,  round,  pale  areas.  Their  lack 
of  color  causes  them  to  stand  out  sharply  against  the  congested 
mucosa.  Serial  sections  show  these  necrotic  areas  to  have  exactly 
the  same  shape  as  the  hemorrhagic  lesions  already  described  (Fig. 
39).  They  do  not,  however,  contain  the  slightest  vascular  lesion 
nor  show  any  sign  of  extravasation.     Careful  study  of  their  subse- 


Fig.  S9. — Ulcrr,  healini;  by  proliferation  of  surface  mucous  cr\U.     Rabbit's  stomach  twenty-five  daj's 
after  re^Mrction  of  all  right  splanchnic  nerves  ( X  ISO).     Mucin  stain. 


quent  course  has  led  me  to  believe  that  they  are  the  first  stage  of  a 
specific  kind  of  ulcer  which  I  am  about  to  describe,  and  which 
presents  all  the  characteristic  features  of  true  chronicity. 

The  gradual  development  and  terminal  stages  of  these  ulcers 
can  be  traced  with  great  accuracy  in  experiments  on  dogs.  The 
accompanying  photomicrographs  (Figs.  40  and  41)  show  two  ulcers 
taken  from  the  pyloric  region  of  the  same  dog  which  died  thirty- 
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Fig.  40. — Small  typical  callous  ulcer  in  the  pyloric  rejrion.  Both  ed(fe«  are  composed  of  young 
proliferating  connective  tissue.  No  trace  of  epithelial  rejfeneralion.  Dog's  stomach  thirty-five  daya 
after  rejection  of  all  the  three  left  splanchnic  nerves    ( X  60 ».    Weigert-van  Gieson  stain. 


Fig.  41. — Large  callous  ulcer  in  the  pyloric  region  of  same  specimen  as  Fig.  37  (X70).    Safranin  stain. 
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five  days  after  resection  of  the  threje  left  splanchnic  nerves.  The 
lesions  involve  the  mucosa  and  submucosa  as  far  down  as  the 
muscular  stratum;  they  show  signs  of  infiltration  and  necrosis; 
no  trace  of  epithelial  regeneration  can  be  found;  the  edges  are 
covered  with  young  connective  tissue.  Besides  these  ulcers,  other 
lesions  may  be  seen  in  the  pyloric  region,  the  latter  all  completely 
healed  through  a  process  of  complete  epithelialization.  In  these 
no  connective-tissue  reaction  whatever  can  be  observed.  The 
results  obtained  offer  the  following  points  of  discussion: 

1.  Character  of  the  Ulcer. — As  has  been  seen,  disturbed  innerva- 
tion alone,  without  any  additional  trauma  or  infection,  will  suffice 
to  create  in  animals  lesions  presenting  all  the  essential  character- 
istics of  acute  and  chronic  ulcer  in  man.  These  results  are,  of 
course,  comparable  only  as  far  as  their  morphologic  and  his- 
tologic similarity  is  concerned.  Clinical  observations  must  need 
be  valueless  in  dealing  with  different  species.  Comparison  is 
made  further  impossible  by  the  fact  that  animals  survive  these 
operations  for  a  short  time  only,  and  the  lesions,  being  very 
extensive,  are  likely  to  be  complicated  by  changes  of  metabolism. 
As  we  find  chronic  and  acute  ulcers  in  the  same  region  of  the  same 
stomach,  both  originating  at  the  same  time,  there  is  reason  to 
assume  that  time  does  not  play  a  paramount  part  in  the  process; 
i.  e.y  that  acute  lesions  do  not  take  on  chronic  form,  but  that  both 
varieties  occur  simultaneously  and  start  as  specific  entities.  More  - 
over,  as  both  small  and  large  chronic  ulcers  will  be  found  in  the 
same  stomach,  it  is  apparent  that  the  size  of  the  ulcer  cannot  be 
responsible  for  its  insufficient  healing. 

2.  The  Origin  of  the  Ulcer. — A  systematic  study  of  the  results 
obtained  after  resection  of  each  splanchnic  branch  by  itself  seems 
to  indicate  that  these  nerves  do  not  play  identical  parts  in  pre- 
serving the  integrity  of  the  mucous  membrane.  Resection  of  the 
major  splanchnic  nerve,  although  causing  temporary  paralysis  of 
the  gastric  vessels,  is  not  in  itself  sufficient  to  produce  perma- 
nently destructive  lesions.  The  lesions  obtained  can  only  be 
compared  with  those  resulting  from  resection  of  the  median 
nerve.     At  first  sight  this  diversity  of  action  seems  contradictory; 
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it  is  explained  by  the  different  degree  in  which  the  two  nerves 
influence  the  blood-pressure.  It  has  shown  that  more  telling 
effects  may  be  obtained  by  stimulating  the  median  splanchnic 
nerve  than  are  seen  after  stimulation  of  the  large  splanchnic  ner^-e, 
even  though  the  latter  control  the  larger  field  in  abdominal  circula- 
tion, faradic  stimulation  being  used  in  both  cases.  This  apparent 
contradiction  is  easily  explained  by  the  fact  that  the  median 
splanchnic  innervates  the  adrenals;  stimulation  results  in  an 
increased  secretion  of  adrenalin,  and,  as  the  adrenal  secretion 
has  a  physiologic  as  well  as  a  selective  action,  it  is  one  of  the  most 
powerful  means  by  which  contraction  of  blood-vessels  can  be  pro- 
duced. The  results  which  I  have  obtained  after  resection  of  the 
median  splanchnic  ner\^e  only  seem  to  illustrate  the  influence  of 
this  nerve  on  the  adrenals,  both  by  the  rapidity  (few  hours  after 
the  lesion)  with  which  the  lesions  appear  and  on  account  of  the 
hemorrhages  by  which  they  are  accompanied.  Ch^erstimulation, 
rather  than  insufficient  inner\^ation,  seems  to  be  the  principal  cause, 
for  it  must  be  remembered  that  intravenous  injection  of  adrenalin 
has  proved  conclusively  that,  by  increasing  the  adrenaUn  content 
of  the  blood,  hemorrhage  can  be  produced  in  the  gastric  mucosa. 

3.  The  Xon-hemorrhagic  Lesion. — ^To  what  cause  are  we  to 
attribute  the  formation  of  the  other,  non-hemorrhagic  lesions? 
It  does  not  seem  logical  to  assume  that  they  are  due  merely  to 
circumscribed  trophic  disturbances:  if  this  were  the  case,  they 
ought  to  be  found  principally  after  resection  of  the  major  splanchnic 
nerve,  and  they  are  not.  The  following  explanation  seems  to  me 
admissible:  namely,  that  we  are  dealing  with  spastic  disturbances, 
due  to  the  action  of  adrenalin,  and  that  whereas  this  action  causes 
rupture  of  the  blood-vessel  in  some  points,  it  leads  only  to  spastic 
contraction  in  others.  Klebs  has  already  proved  himself  a  warm 
defendant  of  the  idea  of  ** vascular  spasm,"  which,  however  cor- 
rect it  may  be,  is  unfortunately  beyond  conclusive  proof,  as  it 
cannot  be  made  visible.  By  its  very  nature  spastic  contraction 
of  a  small  blood-vessel  remains  a  functional  disturbance  and  does 
not  leave  visible  traces  on  the  arterial  wall. 
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Summary 

1.  The  peripheral  innervation  of  the  stomach  can  be  said  to 
be  **  trophic "  in  its  action,  as  it  regulates  circulation  and  stimu- 
lates secretion,  besides  transmitting  impulses  of  profound  sensi- 
bility. 

2.  Insufficient  innervation  of  the  gastric  mucosa  can  be  traced 
only  after  some  time  by  a  slight  atrophy  of  gastric  cells.  This  fact 
may  be  explained  by  congestion  and  by  a  deficit  in  secretory  im- 
pulses, as  the  latter,  in  accordance  with  the  laws  of  biology,  are 
known  to  act  as  stimuli  of  nutrition  and  growth. 

3.  Trophic  disturbances  are  not  in  themselves  sufficient  to  cause 
ulceration  unless  accompanied  by  vascular  di3turbances  resulting 
in  hemorrhage  or  spastic  contraction  of  the  vessels. 

4.  Ulcers  produced  by  resection  of  the  vagus  cannot  be  ex- 
plained if  we  do  not  take  into  account  the  vasomotor  disturbance 
by  which  they  are  accompanied.  If  the  vasomotor  disturbances 
accompanying  them  are  duly  taken  into  account,  they  may  readily 
be  explained  by  the  transmission  of  nervous  impulses  to  the 
sympathetic  fibers  contained  in  the  vagus,  and  by  the  numerous 
anastomoses  existing  between  the  two  nerves  which  cause  the 
stimulus  to  be  transmitted  from  one  nerve  to  the  other. 

5.  Acute  and  chronic  ulcers  produced  by  resection  of  the 
splanchnic  nerves  develop  with  great  rapidity;  this  is  due  to  the 
fact  that  the  operation  irritates  the  nerves  of  the  adrenal  medulla, 
in  consequence  of  which  greater  quantities  of  adrenalin  are  forth- 
with secreted.  The  adrenal  secretion  stimulates  the  sympathetic 
nerve-fibers,  controlling  the  non-striated  muscles  of  the  blood- 
vessels, thereby  causing  the  formation  of  hemorrhagic  and  spastic 
lesions.  Whereas  the  hemorrhagic  lesion,  presenting  the  essential 
features  of  acute  ulcer,  heals  by  means  of  a  scar,  the  spastic  lesion 
becomes  the  starting-point  of  genuine  chronic  ulcers. 

6.  Symptoms  of  deficient  innervation  appear  only  after  specific 
characteristics  of  both  types  of  ulceration  are  fully  developed. 
Consequently  nervous  disturbances  cannot  be  considered  the 
primary  cause  of  gastric  ulcer,  although  it  must  be  admitted  that 
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disturbed  inner\^ation  plays  some  part  in  the  subsequent  develop- 
ment of  the  ulcers, 

7.  By  resection  of  the  splanchnic  nerves  ulcers  may  be  produced 
inanimalsyof  which  the  histologic  picture  contains  all  the  essential 
features  of  acute  and  chronic  gastric  ulcer  in  man. 

The  Etiogenetic  Problem 
Ha\4ng  reviewed  the  pathogenetic  features  of  gastric  ulcer  and 
the  numerous  theories  brought  forward  to  explain  them,  the 
question  remains  to  be  discussed:  Whether  experimental  work  can 
be  said  to  have  furnished  new  suggestions  corroborating  or  refuting 
the  various  conceptions  of  the  etiology.  It  does  not  seem  logical 
to  assume  that  gastric  ulcer  should  be  caused  by  a  single  etiologic 
factor  only,  since  we  find  it  to  be  associated  with  the  most  widely 
divergent  clinical  syndromes,  with  symptoms  of  melsena  neona- 
torum in  infants,  with  trauma  of  the  epigastric  region,  nephritis 
and  uremia,  bums,  sepsis,  toxemia,  oligemia,  bacterial  infections, 
incarcerated  hernia,  tabes,  malaria,  tuberculosis,  and  lues.  In  the 
majority  of  cases,  however,  ulcers  appear  spontaneously;  no  ap- 
parent relation  to  other  diseases  can  be  traced.  This  t^-pe  of 
ulcer,  which  exhibits  all  the  most  tj-pical  features  of  the  disease, 
presents  the  greatest  problems  to  scientific  investigation;  its 
etiology  is  of  paramount  importance.  On  the  edges  of  some  of 
these  ulcers  which  had  all  the  characteristics  of  true  chronicity, 
and  for  whose  formation  neither  clinical  nor  anatomic  causes 
could  be  found,  colonies  of  bacteria  were  discovered  by  Boettcher. 
The  h>7>othesis  contending  that  gastric  ulcer  is  produced  by  the 
cytolytic  local  activity  of  bacterial  toxin  is  based  upon  this  obser\'a- 
tion.  Other  explanations  of  the  fact  seem,  however,  equally 
admissible;  the  presence  of  bacteria  may  as  logically  be  considered 
the  result  as  the  cause  of  gastric  ulcer,  and  the  contention  seems 
justifiable  that  the  presence  of  bacteria  in  the  wall  of  the  stomach  is 
merely  an  evidence  of  subsequent  infection,  since  disturbed  nutri- 
tion itself  creates  lessened  resistance.  Experimental  work  was 
brought  to  bear  upon  the  question.  Attempts  were  made  to  pro- 
duce ulcer  by  feeding  animals  with  both  to.xins  and  bacteria.    The 
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lesions  thus  created  did  not  in  any  single  instance  possess  the  char- 
acteristic features  of  acute  or  chronic  ulcer  in  man;  the  ulcers  pro- 
duced appeared  to  be  mere  foci  of  infection  starting  in  the  lymph- 
follicles  of  the  gastric  mucosa.  Rosenow^  alone  succeeded  by 
repeated  inoculation  in  reproducing  ulcers  of  the  genuine  human 
tj^pe  by  streptococci  from  ulcer  in  man. 

If  the  results  obtained  in  experimental  work  do  not  exclude  the 
possibility,  from  an  etiologic  point  of  view,  of  ulcers  forming  in 
consequence  of  bacterial  infection  (as  the  clinical  observation  of 
Boettcher  and  the  experimental  work  of  Rosenow  seem  to  indi- 
cate), the  fact  remains  none  the  less  that  bacteria  are  found  in  a 
limited  number  of  cases  only. 

Owing  to  the  important  part  played  by  nervous  disturbances 
in  the  experimental  formation  of  gastric  lesions,  they  are  entitled 
to  a  place  among  the  morbid  causes.  The  nervous  disturbances 
may  be  central  or  peripheric.  I  have  mentioned  the  central 
factor  because,  as  is  well  known,  excessive  psychic  stimuli  are 
capable  of  so  changing  the  normal  vasomotor  tonus  that  vascular 
disturbances  culminating  in  rupture  of  the  small  arterial  walls 
may  be  caused  in  any  part  of  the  body — a  fact  which  may  be 
explained  by  the  close  association,  both  in  anatomy  and  function, 
of  the  sympathetic  nervous  system  and  the  cerebrospinal  tract. 

The  peripheral  or  anatomic  factor  must  be  taken  into  especial 
account,  since  toxic  stimuli — whether  due  to  bacterial,  to  chemical, 
or  to  biochemical  agents — are  capable  of  producing  irritations  in 
the  sympathetic  system,  entirely  comparable  with  those  I  obtained 
by  means  of  surgical  interference.  In  other  icords^  ulcer  may  he 
produced  by  any  agent  capable  of  damaging  the  sympathetic  nervous 
systemy  as  it  is  on  the  irdegrity  of  this  system^  which  controls  circula- 
tion, secretion,  and  profound  sensibility  in  the  stomach,  that  the  very 
life  of  the  gastric  cell  may  be  said  to  depend.  The  theory  of  ''trophic 
ulcer''  must  be  taken  in  this  sense, 
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A  STUDY  OF  THE  GASTRIC  ULCERS  FOLLOW- 
ING REMOVAL  OF  THE  ADRENALS  * 


FRANK   C.    MANN 


It  was  noted  at  autopsy  that  animals  dying  after  the  removal  of 
both  adrenals  showed  acute  ulceration  of  the  gastric  mucosa  in  a 
large  number  of  cases. 

Cioffi^  and  Pende^  made  this  same  observation,  but  Gibelli' 
was  the  first  to  give  it  special  attention.  The  most  extensive 
investigation  of  the  subject  was  made  by  Finzi*  in  a  study  of  the 
gastric  mucosa  of  rabbits  and  dogs  after  removal  of  the  adrenals. 
He  found  in  the  gastric  mucosa  marked  circulatory  changes  con- 
sisting of  edema,  hemorrhage,  necrosis,  and  ulceration.  In  the 
few  instances  in  which  there  was  a  tendency  to  heal,  the  slight 
heaHng  process  involved  only  the  connective  tissue,  never  the  epi- 
thelium. He  found  edema  and  hemorrhagic  points  in  the  stomach 
as  early  as  one  hour  after  extirpation  of  the  adrenals.  Dissection 
of  the  capsule  of  the  adrenal,  leaving  the  gland  intact,  did  not  pro- 
duce ulceration.  The  removal  of  one  adrenal  in  a  rabbit  produced 
slight  and  transient  circulatory  changes  in  the  gastric  mucosa. 
Animals  which  were  given  adrenalin  after  removal  of  the  adrenals 
had  normal  gastric  mucosa.  In  five  cases  of  gastric  or  duodenal 
ulcer  in  man  he  found  microscopic  changes  in  the  adrenals,  con- 
sisting of  thickening  of  the  capsule,  nodular  hypertrophy,  fatty 
degeneration,  great  congestion,  and  multiple  hemorrhage.  He  be- 
lieves that  adrenal  insufficiency  may  be  a  factor  in  the  etiology  of 
gastric  ulcer. 

Durante^  investigated  the  effects  of  section  of  the  splanchnic 

*  Received  for  publication,  November  15, 1915.  Reprinted  from  Jour.  Exper. 
Med.,  1916,  xxiii,  20^210. 
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ner\'es  on  the  gastric  mucosa  and  adrenals  in  dogs  and  rabbits. 
He  found  that  section  of  all  three  splanchnics  on  either  side  pro- 
duced no  change  except  congestion  in  the  adrenals;  section  of  the 
major  splanchnic  affected  the  gastric  mucosa  ver>'  slightly;  sec- 
tion of  either  the  median  or  minor  splanchnic  on  either  side  always 
produced  necrosis  and  ulceration  of  the  gastric  mucosa.  The  ulcers 
produced  by  section  of  the  nerves  on  the  right  always  healed  rap- 
idly and  the  spleen  remained  normal;  section  of  the  nerves  on  the 
left  produced  changes  in  the  spleen  and  ulcers  in  the  stomach  which 
tended  to  become  chronic.  He  attributed  the  formation  of  ulcers 
after  adrenalectomy  to  incidental  injury  of  the  minor  splanchnic 
nerves  which  are  buried  in  the  posterior  edge  of  the  adrenal. 

Since  this  investigation  was  undertaken  two  articles  bearing  on 
the  subject  have  appeared.  Elliott*  notes  the  frequent  occurrence 
of  gastric  ulcer  on  removal  of  the  adrenals  in  cats,  and  cites  it  as 
proof  of  the  full  digestive  power  of  the  gastric  juice.  He  refers  to 
the  work  of  Finzi  and  concludes  with  the  statement  that  gastric 
ulcer  is  not  found  in  Addison's  disease. 

Friedman^  investigated  the  effect  on  the  gastric  and  duodenal 
mucosa  of  removal  of  the  adrenals  and  one-sided  thyroidectomy 
in  dogs  and  rabbits.  He  considered  gastric  lesions  possibly  de- 
pendent on  adrenal  insufficiency  as  well  as  on  an  excess  of 
thyroid;  duodenal  lesions  on  h>7K>function,  as  well  as  upon  excess 
of  adrenalin;  coexistent  gastric  and  duodenal  lesions  on  alternating 
conditions  of  hypofunction  and  hyperfunction  of  the  adrenals. 
He  relies  on  the  pluriglandular  hypothesis  of  an  antagonistic 
action  between  the  adrenals  and  the  thyroid  to  explain  the  forma- 
tion of  gastric  and  duodenal  ulcers  and  erosions  after  interference 
with  these  glands. 

Dogs  and  cats  were  used  in  my  investigation.*  As  no  lesion  of 
the  gastric  mucosa  was  found  at  autopsy  in  a  series  of  more  than 
200  practically  normal  animals,  it  would  seem  that  spontaneous 
ulcers  are  not  common  in  these  animals.  Their  occurrence  after 
adrenalectomy  was  studied  in  the  following  series  of  experiments. 

*  These  ulcers  have  also  been  noted  in  gophers  dying  from  adrenal  insuflSciency, 
and  in  one  case  of  Addison's  disease. 
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Experiment  i. — In  four  dogs  the  adrenals  were  removed  at  one 
operation  and  the  animals  kept  under  an  anesthetic  until  death 
occurred,  two  or  three  hours  after  the  removal  of  the  last  gland. 
In  these  experiments  the  mucosa  of  the  stomach  and  duodenum 
was  found  to  be  norma]. 

Experiment  2, — In  12  dogs  the  adrenals  were  removed  at  two 
operations.  When  the  second  gland  was  removed,  the  dogs  were 
kept  under  ether  until  death  occurred,  which  was  from  two  to 
eight  hours  after  operation.  In  none  of  these  animals  were  gastric 
or  duodenal  lesions  noted. 

Experiment  3. — Forty  dogs  and  six  cats  were  subjected  to  the 
removal  of  one  adrenal,  usually  the  right,  and  killed  at  periods 
varying  from  five  hours  to  two  hundred  and  thirty-five  days  after 
operation.  In  this  series  of  animals  no  lesion  of  the  gastric  or  duo- 
denal mucosa  was  found  except  in  one  dog.  This  animal  died 
from  an  unknown  cause  four  months  after  removal  of  the  right 
adrenal;  several  acute  ulcers  and  one  chronic  ulcer  were  found  in 
the  stomach  and  one  acute  ulcer  in  the  duodenum. 

Experiment  4. — Of  60  dogs  and  5  cats  in  which  both  adrenals 
were  removed  at  the  same  operation  or  at  different  operations,  40 
animals  showed  lesions  of  the  stomach,  5  of  these  ulcers  of  both 
stomach  and  duodenum.  Of  the  25  animals  in  which  ulcers  were 
not  found,  only  4  died  an  uncomplicated  death  from  adrenal  insuffi- 
ciency; the  remaining  21  animals  were  either  subjected  to  other 
experiments  which  may  have  interfered  with  the  formation  of 
ulcers  or  they  died  before  the  ulcer  could  form. 

It  is  seen  that  lesions  of  the  gastric  and  duodenal  mucosa  did  not 
occur  in  adrenalectomized  animals  subject  to  continuous  etheriza- 
tion, and  were  infrequent  in  animals  subjected  to  the  removal  of 
only  one  adrenal;  but  lesions  in  the  stomach  and  duodenum 
occurred  in  about  90  per  cent,  of  the  animals  dying  with  the  char- 
acteristic symptoms  of  adrenal  insufficiency  after  removal  of  both 
glands.  This  last  fact  appears  significant  in  the  study  of  the 
general  causative  factors  of  acute  gastric  ulcers. 

It  has  been  impossible  to  determine  definitely  the  time  neces- 
sary for  the  formation  of  the  ulcers  or  how  soon  after  complete  ad- 
renalectomy they  begin  to  form.  In  only  one  of  the  animals 
examined  within  ten  hours  after  removal  of  both  adrenals  were  anv 
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changes  noted  in  the  gastric  mucosa.  In  this  instance  there  were 
several  hemorrhagic  areas  which  were  possibly  the  beginning  of 
ulcers.  In  one  animal  dying  twenty-two  hours  after  extirpation 
of  both  glands  well-formed  ulcers  were  present.  In  animals 
examined  when  muscular  weakness  was  first  in  evidence,  beginning 
ulceration  was  noted.  No  changes  in  the  gastric  mucosa  were 
found  before  decrease  in  blood-pressure  took  place.  It  would 
appear  that  ulcer  formation  begins  before  the  onset  of  the  char- 
acteristic symptoms  of  adrenal  insufficiency  which  progress  until 
the  death  of  the  animal,  and  that  only  a  few  hours  are  necessary 
for  their  production. 

The  lesions  found  in  the  gastric  mucosa  after  death  from  adrenal 
insufficiency  consist  of  two  main  types :  one  is  a  wide-spread,  super- 
ficial erosion;   the  other  is  a  true,  punched-out  ulcer  formation. 

The  gastric  erosions  practically  always  occurred  in  the  fundie 
division,  and  in  most  cases  the  pyloric  mucosa  appeared  normal. 
They  appeared  to  begin  in  and  spread  along  the  rugae,  thus  pro- 
ducing an  irregular  appearance.  Only  the  surface  of  the  mucosa 
was  affected,  the  loss  of  epithelium  never  extending  to  the  sub- 
mucosa.  The  denuded  surface  was  hemorrhagic  in  appearance, 
and  the  fluid  in  the  stomach  was  usually  blood-stained.  This 
condition  developed  mainly  in  those  animals  in  which  there  was  a 
prolonged  moribund  condition  following  the  development  of  mus- 
cular weakness. 

The  gastric  ulcers  were  round  or  oval  in  shape  and  varied  in  size 
from  2  mm.  to  2  cm.  in  diameter.  They  were  usually  multiple,  but 
a  few  stomachs  contained  only  one  ulcer.  Their  position  varied; 
they  were  found  in  the  fundie  and  pyloric  regions  on  both  the 
greater  and  lesser  curvatures.  Usually  they  occurred  in  the  pre- 
pyloric division.  Beginning  ulcers  appeared  as  small  hemor- 
rhagic areas;  when  fully  formed,  however,  they  penetrated  to  the 
muscularis  mucosae,  with  a  complete  loss  of  epithelium.  The  walls 
were  smooth,  giving  the  characteristic  punched-out  appearance. 
A  small  blood-vessel  was  usually  found  in  the  base  of  the  ulcer. 
When  the  autopsy  was  performed  immediately  after  death,  in 
many  instances  the  vessels  were  bleeding.     In  the  pyloric  region 
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the  blood  gave  the  ulcer  a  black  appearance,  while  in  the  fundus 
it  often  remained  bright  red  at  the  site  of  the  ulcer.  In  most 
instances  the  ulcers  constituted  the  only  pathologic  change  in  the 
mucosa,  while  in  other  specimens  the  mucosa  was  injected  through- 
out (Figs.  42  and  43). 

The  duodenal  mucosa  was  usually  congested  in  the  adrenalecto- 
mized  animals.     In  five  experiments  there  were  definite  ulcers. 


Fig.  4i. — Gastric  mucosa  of  a  dog,  showing  multiple  acute  ulcers. 


These  duodenal  ulcers  occurred  just  distal  to  the  pyloric  ring  and 
appeared  like  cauterized  areas  about  1.5  cm.  in  diameter.  They 
were  deeper  at  the  center  than  at  the  edges.  They  penetrated  to 
the  muscularis  mucosae  at  the  center.  They  never  showed  evi- 
dence of  hemorrhage  (Fig.  43). 

Microscopically,  the  picture  of  the  ulcer  varies  slightly;  usually. 
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however,  they  are  cone-shaped,  with  the  base  of  the  cone  at  the  sur- 
face and  the  apex  at  the  muscularis  mucosae.  The  edges  of  the 
ulcer  are  clean,  although  occasionally  there  may  be  some  cellular 


Fig.  43. — Pyloric  and  duodenal  mucosa,  showing  multiple  acute  ulcers. 


Fig.  44. — The  center  of  a  gastric  ulcer,  showing  the  clean  edges  and  base. 

debris  and  blood  at  the  base  (Fig.  44).    None  but  the  earliest  signs 
of  healing  have  ever  been  observed. 

The  loss  of  tissue  appears  to  begin  at  the  surface.  The  gland- 
cells  disappear  first,  allowing  the  supporting  tissue  to  fall  together. 
In  some  cases  the  ulcer  has  not  extended  to  the  muscularis  mucosae. 
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In  these  ulcers  the  gland-cells  below  the  base  may  appear  perfectly 
normal.  Hemorrhage  seems  to  be  of  early  occurrence  in  the  forma- 
tion of  the  ulcer.  In  practically  all  ulcers  the  blood-vessels  in  the 
vicinity  are  congested.  The  special  stains  for  mucin  demonstrate 
the  fact  that  this  substance  is  usually  absent  near  the  ulcers  (Fig. 
45).  The  glands  in  the  vicinity  of  the  ulcer  may  appear  normal, 
but  do  not  contain  mucin.  The  zymogen  content  of  all  the  cells  is 
decreased,  but  no  more  so  in  the  cells  around  the  ulcer  than  else- 
where. 


Fij^.  45. — ^The  edge  of  a  duodenal  ulcer,  showing  the  loss  of  goblet-cells  (the  dark  stained  cells)  in  the 

vicinity  of  the  ulcer. 

It  has  been  suggested  that  the  regurgitation  of  pancreatic  secre- 
tion is  the  cause  of  gastric  ulcers  and  that  tryptic  ulcer  would  be  a 
more  exact  term  than  peptic  ulcer.  That  the  pancreatic  secretion 
is  not  necessary  for  the  formation  of  these  ulcers  was  proved  by  a 
series  of  five  experiments  in  which  the  pancreatic  ducts  were  either 
doubly  ligated  and  sectioned,  or  a  pancreatic  fistula  was  made 
before  the  removal  of  the  last  adrenal.  In  these  animals  no  pan- 
creatic secretion  could  reach  the  gastro-intestinal  tract,  yet  many 
characteristic  gastric  ulcers  were  found  after  death. 
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It  has  been  demonstrated  that  bile  in  association  with  a 
strongly  acid  gastric  juice  has  an  erosive  action  on  the  gastric 
mucosa.®  That  the  bile  might  be  of  importance  in  the  production 
of  these  ulcers  seemed  possible  because  of  the  fact  that  the  fluid 
found  in  the  stomach  was  usually  bile-stained.  In  one  animal  the 
common  bile-duct  was  transplanted  to  the  skin,  thus  making  it 
impossible  for  any  bile  to  enter  the  stomach.  After  complete 
recovery  from  the  operation,  the  adrenals  were  removed.  Well- 
formed  ulcers  were  found  at  autopsy. 

The  gastric  content  was  always  acid  in  the  adrenalectomized 
animals.  In  order  to  determine  the  part  the  acid  played  in  the 
production  of  the  ulcers,  an  attempt  was  made  to  neutralize  it 
during  the  moribund  period.  To  accomplish  this  sodium  bicar- 
bonate was  administered  about  every  four  hours,  either  in  solution 
by  stomach-tube  or  in  capsules.  Of  course,  it  was  impossible  to 
be  sure  that  the  gastric  contents  were  always  kept  neutralized, 
but  certainly  in  most  instances  no  great  excess  of  acidity  developed. 
In  a  series  of  ten  experiments  in  which  sodium  bicarbonate  was 
administered  after  the  removal  of  the  last  adrenal,  ulcers  were 
found  in  one  animal  only.  In  this  experiment  it  is  possible  that 
the  bicarbonate  was  not  given  frequently  enough  to  prevent  the 
development  of  acidity.  This  result  would  tend  to  show,  as  has 
been  demonstrated  in  regard  to  the  formation  of  other  acute  ulcers, 
that  acid  is  a  factor  in  their  production.* 

In  a  series  of  ten  experiments  a  gastro-enterostomy  was  per- 
formed during  the  interval  between  the  removal  of  the  adrenals. 
In  only  four  of  these  animals  were  ulcers  found.  It  is  possible  to 
explain  this  result  as  due  to  a  reflux  of  the  alkaline  intestinal  secre- 
tion and  the  bile. 

Summary 

Acute  ulcers  of  the  gastric  mucosa  are  found  in  a  large  per- 
centage of  dogs  and  cats  dying  after  adrenalectomy.  These  ulcers 
seem  to  develop  during  the  moribund  period.  They  are  appar- 
ently peptic  ulcers  forming  at  the  site  of  local  hemorrhages  in  the 
gastric  mucosa.  They  are  true  acute  ulcers,  usually  penetrating 
to  the  muscularis  mucosae  with  a  total  loss  of  epithelium.     They 
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develop  in  the  absence  of  pancreatic  secretion  and  bile.     How- 
ever, they  appear  to  develop  only  in  an  acid  medium. 
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THE  ROENTGENOLOGIC  DETERMINATION 
OF  GASTRIC  MOTILITY 

With  a  Comparison  of  the  Results  Obtained  in  a  Series 

of  Cases  Examined  by  Both  the  Roentgen 

Ray  and  the  Test-meal  * 

RUSSELL    D.    CARMAN    AND   ALBERT   MILLER 


The  testing  of  gastric  motility  by  roentgenologic  methods  has 
been  of  such  striking  and  practical  value  that  it  seems  worth  while 
to  report  the  results  obtained  in  a  considerable  series  of  patients 
operated  on  and  to  compare  them  with  the  findings  gained  by  the 
test-meal  and  stomach-tube.  We  have  subjected  approximately 
10,000  patients  to  the  roentgen  test,  but  have  selected  for  tabular 
analysis  and  comparison  those  patients  seen  during  the  year  1914. 
In  1914, 4118  patients  were  examined  by  the  roentgen  ray  for  gastro- 
intestinal disease.  Of  this  number,  1140  were  operated  on.  In 
950  of  them  a  motor-meal  test  was  also  made  by  the  gastro-enter- 
ologist,  and  the  tabulation  is  based  on  these  950  cases. 

Before  discussing  the  results  it  may  be  well  to  recall  some  of  the 
elementary  facts  as  to  the  physiolog>'  and  pathoIog>*  of  the  gastric 
motor  function,  and  recount  some  of  the  principal  tests  for  dis- 
turbance in  this  respect. 

It  is  almost  superfluous  to  offer  here  a  reminder  of  the  magnifi- 
cent work  of  William  Beaumont,^  but  so  many  of  his  conclusions 
remain  uncontradicted  to  this  day,  and  the  inspiration  which  he 
gave  to  accurate  methods  of  obser\^tion  have  so  strongly  influ- 
enced our  present  conceptions  that  some  of  his  findings  with  respect 
to  motility  require  repetition.     For  example,  his  deduction  that 

*  Reprinted  from  the  Ardiives  of  Intenud  Med..  1915,  xvi,  40e-4iS. 
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"  the  time  required  for  the  digestion  of  food  is  various,  depending 
on  the  quantity  and  quality  of  the  food,  state  of  the  stomach, 
etc.;  but  that  the  time  ordinarily  required  for  the  disposal  of  a 
moderate  meal  of  the  fibrous  parts  of  meat,  with  bread,  etc.,  is  from 
three  to  three  and  a  half  hours.*'  Further,  he  drew  the  "inference," 
as  he  expressed  it,  "that  oily  food  is  difficult  of  digestion  "  and  that 
"  water,  ardent  spirits,  and  most  other  fluids  are  not  affected  by  the 
gastric  juice,  but  pass  from  the  stomach  as  soon  as  they  are  re- 
ceived." 

Cannon^  also,  by  his  painstaking  experiments  on  animals,  has 
given  us  reliable  data,  among  which  may  be  summarized  the  follow- 
ing: The  chyme  does  not  pass  through  the  pylorus  at  the  approach 
of  every  peristaltic  wave,  but  emerges  occasionally,  at  irregular 
intervals,  of  from  ten  to  eighty  seconds.  Acid  above  opens  and  acid 
below  closes  the  pylorus.  Fats  when  given  are  almost  invariably 
present  in  the  stomach  during  seven  hours'  observation.  Water 
begins  to  enter  the  intestine  almost  as  soon  as  it  enters  the  stomach. 
Carbohydrates  go  through  rapidly;  proteins  more  slowly.  When 
carbohydrates  and  proteins  are  given  one  after  another,  the  early 
rate  of  evacuation  is  largely  the  same  as  that  of  the  first  food  given. 
Mixtures  of  carbohydrates  and  proteins  have  an  emptying  rate 
intermediate  between  that  of  carbohydrates  and  that  of  proteins. 
Fat  retards  the  exit  of  either  food-stuff  from  the  stomach  into  the 
intestine.  As  to  consistency  of  food  materials,  there  is  a  marked 
retardation  of  the  outgo  of  food  from  the  stomach  when  hard  par- 
ticles are  present.  Considerable  amounts  of  gas  in  the  stomach 
retard  the  discharge  of  food.  Rage,  distress,  anxiety,  grief,  anger, 
and  violent  emotions  have  a  depressive  effect  on  gastric  motor 
activities. 

Besides  the  physiologic  variations  to  which  the  gastric  clearance 
time  is  subject,  it  may  also  undergo  numerous  pathologic  alter- 
ations, in  the  direction  either  of  an  exaggeration  or  a  diminution  of 
motility.  Thus  we  are  familiar  with  the  shortened  gastric  evacua- 
tion time  of  non-obstructive  duodenal  ulcer  and  of  non-obstructive 
cancer  of  the  stomach.  On  the  other  hand,  we  are  equally  familiar 
with  the  retarded  emptying  resulting  from  so-called  atony  of  the 

'15—7 
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stomach,  hyperacidity,  and  reflex  spasm  of  the  pylorus,  the  latter 
either  from  an  extrinsic  cause,  such  as  disease  of  the  gall-bladder,  or 
from  an  intrinsic  cause,  such  as  gastric  ulcer.  Further,  and  more 
im|>ortantly,  we  are  acquainted  with  the  gastric  retentions  produced 
by  organic  stenoses  at  or  near  the  pylorus. 

Now  it  would  seem  that  by  no  simple  test  can  sharp  and  con- 
stant lines  of  demarcation  be  drawn  between  hypermotility,  normal 
motility,  and  hypomotility.  Nevertheless,  extreme  variations  in 
either  direction,  more  especially  toward  hypomotility,  have  high 
diagnostic  significance,  can  be  determined  at  least  broadly,  and 
efforts  at  such  determination  cannot  safely  be  neglected.  The 
method  in  most  common  vogue,  of  testing  gastric  motility,  is  the 
administration  of  a  meal  and  the  use  of  the  stomach-tube  to  ascer- 
tain w^hether  food  remnants  are  present  after  the  lapse  of  a  certain 
time.     The  following  citations  will  give  a  fair  idea  of  this  method. 

Kemp'  remarks  that  the  impairment  of  the  motor  power  is  fully 
as  important  as,  if  not  more  important,  in  many  cases,  than,  damage 
to  the  secretory  functions.  He  describes  various  test-meals  used  in 
gastric  analysis,  including  those  of  Riegel,*  Ewald,t  and  Leube,t  and 
the  test-breakfast  of  Ewald-Boas.§  Regarding  the  specific  ques- 
tion of  motility  he  states: 

"If,  five  hours  after  a  test-meal,  a  small  amount  of  chyme  is 
aspirated,  the  motor  power  is  good.  If  large  quantities  are  found 
six  hours  after  the  meal,  the  motor  function  is  absolutely  (or,  if 
stenosis,  relatively)  decreased.  .  .  .  Some  employ  the  test- 
breakfast.  Two  hours  later  the  stomach  should  be  empty.  If  100 
c.c.  or  more  are  found  at  the  end  of  an  hour,  or  varying  quantities  at 
the  end  of  two  hours,  it  shows  different  degrees  of  motor  insuffi- 
ciency. The  test-meal  is  more  accurate.  I  sometimes  administer 
a  test-supper  and  aspirate  in  the  morning  to  test  the  motor  func- 

*  Riegel's  test-dinner:  Meat  broth,  about  400  c.c;  beefsteak,  150  to  200  gm.; 
mashed  potatoes,  50  gm.;  and  a  roll  (35  gm.). 

t  Ewald's  test-meal:  Finely  chopped  meat,  175  gm.;  stale  bread,  35  gm.;  and 
butter. 

t  Leube*s  test-meal :  A  plate  of  soup,  a  beefsteak,  and  a  roll. 

§  Ewald  and  Boas'  test-breakfast:  One  or  two  rolls  (35-70  gm.);  one  cup  of 
tea  or  water  (300-400  c.c.) ;  given  in  the  morning  in  the  fasting  condition. 
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tion,  following  immediately  with  the  test-breakfast  to  examine  the 
secretory  function." 

He  also  describes  without  comment  the  motility  tests  with  salol 
(Ewald  and  Sievers**),  iodopin  (Heichelheim^) ,  and  oil  (Klemperer^). 

Bassler^  mentions  as  of  value  the  Leube-Riegel  test-dinner,  con- 
sisting of  beef-broth,  400  c.c. ;  beef,  150  gm. ;  puree  or  mashed  pota- 
toes, 50  gm.;  and  a  roll  of  wheat  bread.  The  exit  of  this  meal  from 
the  normal  stomach  should  occur  within  five  hours.  But  he  goes 
on  to  say: 

"A  word  of  caution  should  here  be  given  in  assuming  the  exis- 
tence of  pathologic  conditions  when,  five  or  six  hours  afterward, 
small  quantities  of  food  are  extracted,  for,  while  the  great  bulk  of 
the  meal  is  gone,  tarrying  remnants  of  food  may  be  present  in  even 
the  f)erfectly  normal  stomach  up  to  the  sixth  and  even  the  seventh 
hour  after  the  time  of  ingestion.  If  at  the  sixth,  seventh,  or  eighth, 
and  so  on,  hour  of  extraction,  after  the  taking  of  a  mixed  meal,  con- 
siderable quantities  of  the  meal  constituents  are  obtained  from  a 
stomach,  the  existence  of  the  following  conditions  should  \>e  con- 
sidered, namely:  Pyloric  obstruction,  states  of  atony,  a  more  or 
less  low  state,  of  digestive  disturbance  from  degrees  of  subacute  and 
chronic  gastritis,  accompanied  with  poor  stomach  function,  and  the 
existence  of  neurotic  conditions  of  a  depressing  type  affecting  the 
entire  motility  of  the  organ.  .  .  .  Another  form  of  examina- 
tion by  the  extraction  of  stomach  food  contents  to  diagnose  pyloric 
obstruction  from  any  cause  (particularly  its  high  degree  seen  in 
malignancy)  should  be  mentioned.  In  this  the  generally  employed 
procedure  is  to  advise  the  patient  to  eat  a  full  meal  in  the  early 
evening,  and  then  to  wash  out  his  stomach  the  following  morning — 
about  ten  or  twelve  hours  afterward.  Should  the  patient  not  have 
vomited  during  the  night,  and  food  remnants  be  found  in  the  morn- 
ing, bona  fide  pyloric  stenoses  can  almost  invariably  be  diagnosed." 

He  states  further  that  a  simplification  of  this  method,  which  he 
can  indorse  as  of  much  value,  is  the  eating  of  several  raisins*  in  the 
evening  and  noting  if  their  skins  or  seeds  are  obtained  in  the  morn- 

*  Bassler  speaks  of  this  as  the  "Mayo  method."  In  fairness  it  should  be  said, 
however,  that  the  addition  of  raisins  to  the  Riegel  meal  is  credited  by  Cohnheim 
(Diseases  of  the  Digestive  Canal,  Edit.  2,  Philadelphia,  J.  B  Lippincott  &  Co.,  1911, 
p.  35)  to  Boas  and  Strauss. 
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ing  lavage  water.  While  in  this  test  the  obtaining  of  vegetable 
skins  is  of  much  significance,  a  negative  result  does  not  always  mean 
that  no  stenosis  exists.  A  less  complete  degree  of  stenosis,  particu- 
larly in  the  pyloric  region,  but  not  directly  at  the  pylorus,  may  give 
positive  results  with  the  six-  seven-  or  eight-hour  extraction  of  the 
mixed  meal,  but  a  negative  finding  with  the  raisin-skin  method. 
The  matter,  he  thinks,  is  entirely  one  of  degree  of  stenosis;  the 
nearer  the  stenosis  to  the  pylorus,  the  more  accurate  are  the  results 
by  both  methods;  the  less  the  degree  of  the  stenosis,  or  the  farther 
away  from  the  pylorus  it  is  situated,  the  better  is  the  result  from 
the  mixed  meal,  and  the  less  so  from  the  raisin-skin  method. 

Einhorn^  gives  a  fair  summary  of  gastro-enterologic  methods  in 
common  use  when  he  says: 

"The  best  and  easiest  way  to  test  the  motor  function  of  the 
stomach  is  to  examine  this  organ  by  means  of  the  tube  and  lavage 
in  the  morning  in  the  fasting  condition  after  the  ingestion  of  a  sub- 
stantial supper  on  the  night  previous.  Normally  the  stomach  is 
empty,  and  therefore  when  the  organ  is  found  to  contain  a  quantitj' 
of  food,  this  is  the  best  sign  of  retarded  motion." 

Roentgenologic  Tests  of  Motility 
Since  the  first  employment  of  the  roentgen  ray  in  conjunction 
with  an  opaque  meal  for  the  diagnosis  of  gastro-intestinal  disease, 
more  or  less  attention  has  been  directed  to  gastric  motility.  By  a 
few  men  this  feature  of  the  examination  is  considered  almost  indis- 
pensable; by  others  it  is  regarded  as  of  secondary  importance, 
though  usually  given  some  attention,  while  a  few  deem  it  of  little 
moment. 

As  might  be  expected,  an  investigation  of  the  technic  used  by 
different  roentgenologists  shoVs  considerable  variance.  Wide  dif- 
ferences are  noted  as  to: 

1.  The  opaque  salt  used. 

2.  The  character  of  the  vehicle. 

3.  The  proportion  of  opaque  material  to  the  medium  of  sus- 
pension. 

4.  The  total  quantity  administered. 
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5.  Management  of  the  patient  with  regard  to  eating  after  the 
opaque  meal  has  been  taken. 

Bismuth  subnitrate,  which  was  used  in  the  first  examinations  of 
the  digestive  tract  in  man,  produced  toxic  results  in  a  few  instances, 
and  was  superseded  by  bismuth  subcarbonate  or  the  carbonate,  as  it 
is  called  in  Europe.  A  little  later  the  oxychlorid  of  bismuth  was 
used  to  some  extent.  On  the  continent  a  few  have  employed  zir- 
conium oxid.  During  recent  years  chemically  pure  barium  sul- 
phate has  come  into  extensive  use.  So  far  as  we  are  able  to  dis- 
cover from  the  published  observations  of  others  and  from  our  own 
experience,  there  seems  to  be  little  difference  in  the  evacuation  time 
of  the  various  bismuth  salts  when  given  under  equal  conditions; 
but  the  difference  in  this  respect  between  bismuth  salts  and  barium 
sulphate  is  marked,  the  latter  leaving  the  stomach  distinctly  earlier- 
Groedel's*  figures  indicate  that  with  barium  sulphate,  the  stomach 
empties  itself  twice  as  fast  as  with  bismuth. 

The  vehicles  employed  have  been  of  every  sort  conceivable, 
including  water,  milk,  mucilage  of  acacia,  bread  and  milk,  cereal 
porridges,  paps  and  gruels,  mashed  potatoes,  fermented  milk,  and 
mixed  meals  containing  meat.  The  proportion  of  opaque  salt  to 
suspension  medium  varies  from  10  to  50  per  cent,  of  the  former,  and 
the  total  quantity  of  the  meal  given  ranges  from  6  to  20  ounces  or 
more.  Finally,  practice  differs  as  to  permitting  the  patient  to  fol- 
low his  accustomed  habits  of  eating  and  drinking  during  the  period 
of  examination.  Often  this  important  feature  is  not  mentioned, 
yet  it  is  known  that  the  taking  of  food  after  ingestion  of  the  opaque 
meal  will  markedly  prolong  the  evacuation  time  of  the  latter. 

It  is  quite  apparent  that  from  these  differing  technics  differing 
results  must  follow,  and  this  undoubtedly  accounts  very  largely  for 
the  varying  esteem  in  which  roentgen  tests  for  motility  are  held. 

The  prototype  of  all  the  opaque  meals  now  in  use  was  that 
devised  by  Rieder,*®  and  consisted  of  50  gm.  of  bismuth  carbonate 
in  350  gm.  of  flour-pap.  Rieder  considered  three  to  four  hours  as 
the  normal  emptying  time  for  this  meal.  Commonly  half  the  meal 
is  discharged  within  an  hour.  He  remarks  that  toward  the  end  of 
digestion  there  is  a  distinct  slowing  of  emptying,  which  he  thinks 
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is  due  to  an  intestinal  reflex.  He  mentions  the  experiments  of 
Wulach  showing  the  emptying  time  of  carbohydrate  mixtures  to  Idc 
from  two  and  one-half  to  three  and  one-half  hours,  albuminous 
mixtures  five  or  six  hours,  and  fat  from  seven  to  eight  and  one-half 
hours.  The  roentgen  method  gives  a  good  picture  of  gastric 
motility.  But,  Rieder  adds,  in  spite  of  the  great  excellence  of  the 
roentgen  motility  test,  the  method  formerly  used  alone,  of  with- 
drawing a  test-breakfast  or  test-meal,  will  firmly  retain  its  diag- 
nostic worth,  because  it  will  show  in  every  case  not  only  the  motil- 
ity, but  also  the  secretory  function. 

Barclay"  has  used  bismuth  carbonate  in  the  proportion  of  1  to  2 
or  3  of  the  excipient,  for  which  latter  he  employs  bread  and  milk, 
thoroughly  mashed  up,  or  porridge.  The  total  quantity  given 
varied  from  2  to  12  ounces.     With  regard  to  motility  he  says: 

"Retention  of  bismuth  food  is  the  result  of  pyloric  obstruction, 
and  Rieder  laid  it  down  that  the  whole  of  a  bismuth  meal  should 
have  left  the  stomach  within  five  hours.  For  diagnostic  purposes 
this  is  a  good  e;iough  guide,  but  I  never  report  definite  obstruction 
unless  the  delay  is  well  marked.  In  hospital  practice  eight  hours' 
retention  is  my  standard,  but  in  the  vast  majority  of  the  cases 
recorded  some  food  was  still  present  in  the  stomach  after  twenty- 
four  hours.  In  private  practice  six  hours  is  my  standard,  but  I 
always  repeat  the  observation  on  at  least  one  occasion  to  verify  this 
finding  when  the  margin  of  delay  is  so  small." 

Groedel^^  at  first  employed  the  Rieder  carbohydrate  meal.  An 
emptying  time  beyond  four  hours  he  regarded  as  abnormal.  Later 
he^^  began  using  barium  sulphate,  250  gm.,  mixed  with  20  gm.  each 
of  maize  flour,  sugar,  and  cocoa  in  400  c.c.  of  water.  This  meal, 
he  found,  emptied  normally  in  two  hours. 

Kaestle^^  considers  two  and  one-half  to  three  and  one-half  hours 
as  the  normal  emptying  time  of  a  fluid,  carbohydrate  (mondamin), 
contrast  meal  containing  zirconium  oxid  and  weighing  400  gm.  A 
stiff  mixture  of  the  same  weight  may  require  four  hours.  Slight 
delay  of  evacuation  of  the  fluid  meal,  up  to  six  hours,  he  states,  may 
be  caused  by  gastric  atony,  hyperacidity,  reflex  pylorospasm,  and 
even  beginning  pyloric  stenosis.     Residues  after  twelve  hours  or 
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longer  occur  only  with  organic  pyloric  stenosis.  Hypermotility 
may  result  from  a  gaping  pylorus  or  strong  expulsive  energy  (hyper- 
tonus  and  hyperperistalsis). 

Satterlee.and  LeWald,^°  in  their  description  of  the  water-trap 
stomach,  remarked  the  occurrence  of  a  residue  from  the  bismuth 
meal  in  many  of  these  cases.  " The  water-trap  stomach,"  they  say, 
**  might  almost  be  considered  as  a  ptosed  organ,  with  the  first  por- 
tion of  the  duodenum  and  the  pylorus  fixed  in  proper  position, 
giving  the  characteristic  long  pyloric  arm  and  resemblance  to  a 
water-trap.'*  The  meal  given  consisted  of  90  gm.  of  bismuth  sub- 
carbonate,  suspended  in  600  c.c.  of  fermented  milk.  A  residue  from 
this  meal,  "long  after  the  usual  emptying  time,"  was  noted  in  50 
per  cent,  of  the  cases.  In  their  conclusions  they  state:  "The 
typical  water-trap  stomach  of  marked  degree,  which  shows  a  large 
residue  in  the  stomach  after  six  hours,  should  be  operated  on  when 
diagnosed." 

Cole^®  remarks: 

"I  have  already  shown  the  fallacy  of  testing  the  gastric  motor 
efficiency  by  administering  bismuth  suspended  in  fluid  or  mixed 
with  cereal,  and  the  same  is  true  for  intestinal  motor  efficiency.  If 
the  test  is  to  be  of  value,  the  stomach  and  intestines  must  be  called 
on  to  evacuate  such  a  meal  as  is  normally  imposed  on  them.  There- 
fore, the  true  test  of  gastro-intestinal  motor  efficiency  is  made  by 
administering  bismuth  or  barium  suspended  in  fluid,  preferably 
buttermilk,  in  conjunction  with  a  Riegel  meal  of  meat,  potatoes, 
and  bread.  ...  If  the  stomach  is  high  and  of  the  cow-horn 
type,  especially  if  a  condition  of  diminished  acidity  or  achylia 
exists,  evacuation  will  be  accomplished  very  rapidly,  perhaps  in 
two  hours,  whereas  many  a  stomach  presenting  no  organic  obstruc- 
tion requires  six  hours  for  complete  evacuation." 

Baetjer  and  Friedenw^ald  ^^  gave  a  meal  consisting  of  bismuth 
subcarbonate,  \]/^  ounces,  in  an  ordinary  glass  of  water  (about  12 
ounces),  with  sufficient  mucilage  of  acacia  to  make  an  emulsion.  In 
obstruction  from  within  (pyloric  carcinoma,  ulcer  with  cicatrix, 
idiopathic  thickening  of  the  pylorus)  they  noted  gastric  retention 
for  from  ten  to  twenty  hours.     In  obstruction  from  adhesions  from 
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chronic  appendicitis  or  after  appendectomy  retention  for  from  six 
to  eight  hours  was  found.  Gall-bladder  adhesions  showed  residue 
in  the  stomach  after  five  or  six  hours.  Retention  from  muscular 
relaxation  (atony)  was  also  observed,  but  the  time,  factor  is  not 
given.  They  regard  from  three  to  four  hours  as  the  normal  empty- 
ing time  for  a  horizontal  stomach ;  from  five  to  six  hours  for  a  pro- 
lapsed fish-hook  stomach. 

George  and  Gerber^^  call  attention  to  the  fact  that  the  original 
Rieder  meal  contained  50  gm.  of  bismuth  subcarbonate  in  about 
400  c.c.  of  cooked  cereal.  Later  other  mediums  and  much  larger 
amounts  of  the  opaque  salts  came  into  use. 

**As  a  result  of  the  marked  variation  of  bismuth  meals  it  is  impos- 
sible to  use  the  same  functional  data  for  diagnosis.  .  .  .  This  is 
a  point  which  has  not  been  appreciated  by  many  roentgenologists. 
They  have  used  various  kinds  of  meals — not  only  buttermilk,  but 
malted  milk,  plain  milk,  water,  mashed  potato,  etc.,  and  have 
varied  the  amount  of  bismuth  or  barium,  and  yet  have  attempted 
to  apply  to  their  work  the  conclusions  based  on  the  observation  of 
functional  disturbances  in  thousands  of  cases  done  under  the  Rieder 
technic.  Obviously  this  is  incorrect.  The  only  proper  course  left 
for  one  who  wishes  to  use  these  functional  data  is  to  accumulate  a 
large  number  of  cases,  done  with  more  satisfactory  mixtures,  and 
check  them  up  with  operative  results." 

In  a  paper  wTitten  a  few  months  prior  to  the  above  George  and 
Gerber^' venture  this  statement:  "The  more  we  have  accumulated 
evidence  on  this  subject,  the  more  we  have  become  convinced  that 
six-hour  gastric  stasis  is  the  least  important  factor  in  roentgen 
bismuth  diagnosis."  Rec»ently  they"  have  reiterated  this  opinion. 
It  should  be  noted  that  with  their  technic  the  patient  is  permitted 
to  take  food  during  the  six-hour  period. 

White  and  George^^  observe  that  ulcer  in  some  other  part  of  the 
stomach  may  cause  such  spasm  of  the  pylorus  that  bismuth  is 
retained  for  a  long  period,  even  up  to  twenty-four  hours,  while 
operation  shows  the  pyloric  walls  perfectly  normal.  A  consider- 
able residue  in  the  stomach  at  the  end  of  six  hours,  with  no 
anatomic  defect  and  nothing  found  elsewhere  to  explain  it,  suggests 
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gastric  ulcer,  but  it  is  to  be  remembered  that  the  stomach  empties 
itself  entirely  in  six  hours  in  about  one-half  the  cases  of  gastric 
ulcer.  These  authors  state  further  that  the  emptying  of  the 
stomach  depends  on  several  more  or  less  opposing  factors,  namely, 
gastric  peristalsis,  mechanical  obstruction  at  the  pylorus  or  in  the 
duodenum,  and  the  reflex  control  of  the  opening  and  shutting  of  the 
pylorus.  Ulcer  of  the  duodenum  may  disturb  this  reflex,  and  when 
acid  chyme  is  squirted  into  the  duodenum,  the  absence  of  the  reflex 
allows  the  pylorus  to  remain  open  or  relaxed,  and  thus  permits 
rapid  emptying  of  the  stomach.  They  go  on  to  say  that  when 
indurated  duodenal  ulcer  or  scar  tissue  or  adhesions  cause  mechani- 
cal obstruction,  the  result  depends  on  the  balance  of  the  opposing 
forces;  the  stomach  emptying  in  the  normal  time  or  earlier  or  later, 
according  as  the  obstruction  overcomes  the  tendency  to  rapid 
emptying  which  results  from  active  peristalsis  or  interference  with 
the  pyloric  reflex. 

As  a  test  of  motility  in  those  cases  in  which  the  stomach-tube  is 
contraindicated  or  refused,  Bassler^^  uses  a  mixed-meal  method  by 
which  he  gives  25  gm.  of  bismuth  subcarbonate  with  the  Riegel 
meal  and  examines  by  the  roentgen  ray  six  hours  later,  at  which 
time  the  stomach  should  be  empty.  In  marked  pyloric  stenosis  he 
has  noted  a  residue  at  twelve  hours,  or  much  later — even  to  five 
days.  However,  in  a  subsequent  publication,  Bassler^  has  this  to 
say: 

"  In  the  study  of  motility  and  exit  from  the  stomach  in  203  cases 
of  distinct  gastroptosis,  in  which  hourly  roentgen-ray  observations 
were  made,  the  conclusion  was  plain  that  the  roentgen-ray  method 
of  diagnosing  stasis  in  the  stomach  is  not  as  practical  as  the  test- 
meal  method.  One  hundred  and  tw^enty-six  of  these  cases  exam- 
ined by  the  bismuth-roentgen-ray  method  showed  delay  of  exit  of 
six  hours  or  more,  while  only  31  showed  the  delay  by  the  test-meal 
method.  .  .  .  Instances  were  encountered  in  which  bismuth 
was  present  in  the  stomach  as  late  as  eighteen  hours  after  ingestion, 
while  the  stomach  on  a  mixed  meal  was  empty  in  four  and  one-half 
hours.  .  .  .  It  is  apparent,  whatever  has  been  advanced  to 
the  contrary,  that  the  method  of  examination  by  food  extraction  is 
decidely  more  to  be  depended  on  in  gaining  an  idea  of  exit  from  the 
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stomach  than  is  the  bismuth-roentgen-ray  method,  for  it  was 
strongly  suggested  that  foods  pass  from  the  stomach  in  decidedly  less 
time  than  will  bismuth  or  any  other  form  of  metal  salts  used  to 
throw  a  shadow,  probably  because  of  the  pulverized  salts  adhering 
to  the  mucosa. 

The  most  faithful  advocate  of  the  roentgen  motility  test  is 
Haudek,2*  and  to  him  we  are  indebted  for  the  double-meal  method 
of  examination,  the  establishment  of  the  six-hour  limit,  and  a  vast 
deal  of  information  concerning  the  significance  of  disordered  motil- 
ity as  shown  by  the  roentgen  ray.  The  rather  chaotic  application 
of  the  roentgen  examination  for  motility  led  Haudek,  in  1909,  to 
establish  his  double-meal  method,  partly  with  the  view  of  saving 
time  and  partly  to  make  the  test  more  precise.  Accordingly  he 
began  the  adminstration  of  a  Rieder  meal  in  the  morning,  and 
examined  the  patient  six  hours  later,  at  which  time  a  second  Rieder 
meal  was  given  to  complete  the  examination.  The  selection  by 
Haudek  of  six  hours  as  the  division  line  between  normal  and  de- 
layed emptying  was  explained  by  him  on  the  ground  that  while  the 
normal  stomach  will  drive  out  a  Rieder  meal  in  about  three  hours, 
as  an  average,  delay  to  five  or  six  hours  might  result  from  physi- 
ologic causes.  He  cited  as  examples  the  influence  of  rest  and  move- 
ment, right  and  left-side  positions,  psychic  factors,  eating  or  drink- 
ing after  taking  the  meal,  and  sedimentation  of  the  opaque  salt. 
Even  after  six  hours  or  longer  minute  residues  might  sometimes  be 
found  in  normal  stomachs,  and  he  accordingly  ignored  mere  traces. 
Small  residues,  up  to  a  quarter  of  the  meal,  he  deemed,  could  be  due 
not  only  to  organic  pathologic  changes,  but  also  to  hypomotility 
from  atony,  hyperacidity,  or  long  hubhohey  that  is,  a  long,  vertical 
pars  pylorica.  Larger  residues  could  l>e  almost  certainly  ascribed 
to  pyloric  obstruction  by  organic  stenosis  or  spasm  from  ulcer.  He 
also  pointed  out  that  the  test  did  not  rest  alone  on  the  presence  or 
absence  of  a  residue,  but  that  the  position  of  the  *'head"  of  the  six- 
hour  meal  gave  gross  information  as  to  motility.  Normally  at  or 
near  the  cecum  the  "head"  would  be  advanced  far  into  the  large 
intestine  by  hypermotility,  or  held  back  in  the  small  intestine  by 
hypomotility.     Further,  on  giving  the  second  meal,  there  could  also 
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be  taken  into  consideration  the  tonus  of  the  stomach,  its  peristalsis, 
the  freedom  of  passage  through  the  pylorus,  the  hubhohe,  and  thus 
the  total  picture  would  enable  an  estimation  of  "the  great  X  of 
motility,  the  functioning  of  the  pylorus." 

An  experience  of  years  with  thousands  of  cases  has  increased 
Haudek's  confidence  in  the  method.  In  a  recent  article  he^*  goes 
so  far  as  to  say  that  the  roentgen  determination  of  the  expelling 
forces  of  the  stomach  gives  better  results  than  the  older  methods, 
and  that  it  is  not  only  exact  and  reliable,  but  also  very  simple.  He 
shows  that  while  the  clinical  examination  cannot  determine  whether 
the  increase  or  decrease  of  motility  is  due  to  a  change  of  the  expel- 
ling power  or  of  the  resistance,  the  roentgen  examination  can  be 
much  more  decisive.  While  he  had  previously  considered  atony 
to  be  an  occasional  cause  of  six-hour  retention,  he  now  believes  that 
atony,  under  otherwise  normal  conditions,  causes  only  a  slight 
increase  of  evacuation  time — usually  below  six  hours.  The  most 
important  factor  for  the  evacuation  of  the  stomach  is  the  condition 
of  the  pylorus.  Lessening  of  resistance  produces  the  picture  of 
pyloric  insufficiency;  an  increase  leads  to  the  highest  degrees  of 
stagnation.  He  enumerates  the  common  causes  of  increased  resis- 
tance, both  organic  and  spastic,  and  cites  examples  as  varied  by  the 
functional  components  of  motility.  He  also  mentions  Sahli's 
method  of  testing  the  motility  with  sinking  and  swimming  capsules 
in  differentiating  between  pylorospasm  and  organic  stenosis,  also 
the  effect  of  papaverin  in  these  conditions.  By  means  of  Sahli's 
capsules  the  evacuation  time  of  water  can  be  shown;  this  is  usually 
normal  in  pylorospasm,  but  prolonged  in  stenosis.  According  to 
Holzknecht,  the  administration  of  papaverin  shortens  the  emptying 
time  in  pylorospasm  to  normal,  increases  it  in  stenosis,  and  has  no 
effect  on  a  combination  of  the  two. 

For  more  than  two  years  past  our  work  has  been  based  on  the 
double  meal  method  of  Haudek,  and  we  can  unreservedly  indorse 
his  claims.  For  various  reasons  we  have  found  it  advisable  to 
modify  his  technic  in  some  particulars,  but  have  retained  the  six- 
hour  limit  and  adhered  rather  closely  to  his  general  principles.  A 
cereal  porridge  instead  of  a  pap  for  the  six-hour  meal  is  employed, 
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and  barium  sulphate*  substituted  for  bismuth  salts.  Since  barium 
leaves  the  stomach  earlier  than  bismuth  we  believe  that  a  six-hour 
retention  of  barium  is  even  more  significant  than  one  of  bismuth. 
Until  the  first  of  this  year  patients  were  required  to  take  castor  oil 
on  the  evening  previous  to  the  day  of  examination,  but  this  has 
been  abandoned  as  unnecessary.  The  observations  of  Hayes-* 
show  that  purgation  results  in  a  heightening  of  gastro-intestinal 
motility  for  a  day  or  two.  A  comparison  of  our  observations  during 
the  past  few  months  with  those  made  previously  indicates  that  this 
increase  does  occur,  but  that  it  does  not  materially  affect  the  six- 
hour  test.     Our  present  routine  is  as  follows : 

The  pa-tient  comes  to  the  laboratory  in  the  morning  without 
breakfast,  and  usually,  but  not  always,  after  tubing  and  lavage  by 
the  gastro-enterologist.  He  is  given  a  meal  consisting  of  four 
ounces  of  well-cooked  wheaten  breakfast  cereal  with  two  ounces  of 
barium  sulphate,  to  which  he  is  permitted  to  add  a  little  milk  and 
sugar  according  to  his  taste.  He  is  instructed  to  take  neither  food 
nor  drink,  except  water,  until  the  examination  is  finished.  Six 
hours  later  he  returns  and  the  screen  examination  is  begun.  The 
presence  or  absence  of  a  residue  in  the  stomach  from  the  motor  meal 
is  noted.  The  amount  of  retention  is  recorded  on  a  scale  of  four 
units,  each  unit  representing  approximately  a  fourth  of  the  meal. 
If  the  entire  meal  has  passed  into  the  intestine,  its  position  and 
distribution  are  observed.  The  patient  is  then  given  two  ounces  of 
barium  sulphate  stirred  up  with  eight  ounces  of  water.  Usually 
some  of  this  escapes  or  can  be  driven  through  the  pylorus,  showing 
its  condition  as  to  patency.  To  complete  the  examination  and 
to  fill  the  stomach  for  roentgenography,  the  patient  takes  about 
twelve  ounces  of  a  potato-starch  pap  containing  approximately 
three  ounces  of  barium  sulphate,  after  which  the  behavior  of  the 
stomach  in  all  respects  is  watched. 

Our  gastro-enterologist's  routine  for  examination  of  the  gastric 
contents  is  the  following: 

At  6  p.  M.  previous  to  the  day  of  examination  the  patient  takes 

*  As  is  well  known  by  roentgenologists,  only  chemically  pure  barium  sulphate 
is  used,  other  salts  of  barium  being  absorbable  and  toxic. 
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a  modified  Riegel  meal,  that  is  to  say,  he  is  instructed  to  eat  an 
ordinary  meal  which  must  include  bread,  meat,  and  potatoes.  An 
hour  later  he  eats  20  raisins,  the  skins  of  which  are  easy  of  identi- 
fication, and  tend  to  remain  in  the  stomach  somewhat  longer  than 
the  usual  food  materials.  The  gastro-enterologist's  examinations 
are  begun  the  next  day,  about  8  a.  m.,  and,  depending  on  the 
number  of  patients  to  be  examined,  the  interval  after  the  motor 
meal  varies  from  fourteen  to  sixteen  hours.  The  estimate  of 
motility  is  based  on  the  presence  or  absence  of  food-bits  or  raisin- 
skins  from  this  meal,  as  shown  by  tubing  at  the  morning  examina- 
tion. Residues  are  recorded  on  a  scale  of  4.  The  gastro-enterol- 
ogist's technic  also  includes  the  administration  of  a  modified  Ewald 
test-breakfast  for  the  chemical  examination,  but  with  this  we  are 
not  here  concerned. 

Comparison  of  the  Results  in  950  Cases 
During  the  year  1914,  950  patients  who  had  been  examined  both 
by  the  roentgen  ray  and  the  test-meal  went  to  operation.  Two 
hundred  and  twenty  of  these,  or  23.1  per  cent.,  showed  a  gastric 
residue,  at  the  roentgen  examination,  from  the  six-hour  meal. 
One  hundred  and  thirty-one,  or  13.7  per  cent.,  had  food  remnants. 
In  other  words,  the  roentgen  ray  showed  approximately  70  per 
cent,  more  retentions  than  did  the  clinical  test-meal.  The  lesions 
found  were:  Disease  of  the  appendix,  125  cases;  disease  of  the  gall- 
bladder, 311;  gastric  ulcer,  109;  gastric  cancer,  137;  duodenal 
ulcer,  268.  The  accompanying  table  shows  the  incidence  of  reten- 
tion in  each  of  these  conditions,  as  shown  by  the  roentgen  ray  and 
stomach-tube  respectively.  The  preponderance  of  six-hour  barium 
residues  over  food  remnants  from  the  test-meal  is  noteworthy, 
being  twice  as  great  in  gastric  ulcer  and  lesions  of  the  gall-bladder; 
almost  twice  as  great  in  duodenal  ulcer;  and  half  again  as  large  in 
gastric  cancer.  In  the  125  cases  with  lesions  of  the  appendix  a 
retention  was  noted  by  the  roentgen  ray  in  only  one  case,  and 
found  in  two  cases  only  by  the  stomach-tube.  In  only  12  of  311 
cases  with  lesions  of  the  gall-bladder  was  retention  noted  either  by 
the  Roentgen  ray  or  by  tubing.     The  vast  majority,  209  (90.4 
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per  cent.)  of  the  220  patients  showing  a  barium  retention  were 
found  at  operation  to  have  cancer  or  ulcer  of  the  stomach  or  ulcer 
of  the  duodenum. 

In  16  cases  representing  all  five  conditions  the  stomach-tube 
revealed  food  remnants,  while  no  six-hour  retention  of  barium  was 
found  by  the  roentgen  ray.  On  the  other  hand,  105  patients  had 
roentgen  residues,  but  no  food  remnants. 

In  8  of  the  cases  tabulated  under  gastric  ulcer  there  was  also 
duodenal  ulcer.  All  these  patients  showed  a  residue  from  the 
barium  meal,  and  6  of  them  had  food  remnants. 

INCIDENCE  OF  RETENTION  OF  TEST-MEAL  IN  950  CASES 
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Besides  the  cases  tabulated  above,  residues  were  found  by  the 
roentgen  ray  in  one  patient  in  each  of  the  following  conditions: 
Cancer  of  the  pancreas,  tumor  of  the  ileum,  cancer  of  the  common 
duct,  hydronephrosis,  tumor  about  the  head  of  the  pancreas,  tumor 
of  left  kidney,  subdiaphragmatic  abscess,  and  cancer  of  the  ascend- 
ing colon.  In  the  four  first  mentioned,  retention  was  also  noted  by 
the  gastro-enterologist. 

How  can  the  discrepancy  between  the  gastro-enterologist's 
results  and  our  own  be  explained? 

First,  it  would  seem  probable  that  the  time  elapsing  between 
the  ingestion  of  the  gastro-enterologist's  meal  and  its  withdrawal 
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is  too  liberal,  and  that  the  stomach  was  empty  in  many  cases, 
although  an  actual  and  pathologic  hypomotihty  existed. 

Second,  it  is  quite  possible  that  the  tube  may  have  failed  oc- 
casionally to  bring  up  food  remnants  which  were  present.  Harmer 
and  Dodd,^  by  watching  with  the  roentgen  ray  the  introduction 
of  the  tube,  frequently  noted  that  the  tip  impinged  against  the 
gastric  wall,  well  above  its  most  dependent  portion,  and  continued 
efforts  to  pass  the  tube  simply  caused  it  to  curl  and  displace  the  tip 
further  upward.  In  other  instances  it  was  found  that  by  passing  the 
usual  length  of  tube  in  cases  of  ptosis,  the  tip  might  fail  to  reach  the 
residuum.  This,  they  believe,  is  a  common  error.  The  posture  of 
the  patient  and  the  position  the  stomach  occupies  in  the  abdominal 
cavity  affect  the  success  of  tubage.  From  their  observations  they 
regard  it  as  "obvious  that  failure  to  recover  gastric  residuum  with 
the  unaided  stomach-tube  from  a  fasting  stomach  or  after  the  in- 
gestion of  a  test-meal  cannot  be  accepted  as  conclusive  evidence  of 
the  absence  of  gastric  stasis."  Rehfuss,  Bergeim  and  Hawk^^  have 
employed  a  tube  devised  on  the  principle  of  the  duodenal  tube, 
with  a  slotted  metal  tip,  which,  by  its  weight,  will  seek  the  most  de- 
pendent part  of  the  stomach.  In  instances  in  which  the  passage 
of  the  ordinary  tube  failed  to  disclose  any  residue  the  new  tube 
obtained  considerable  amounts.  They  found,  further,  in  a  series 
of  healthy  persons,  that  the  fluid  residuum  in  the  normal  empty 
stomach  far  exceeded  the  accepted  limit  of  20  c.c,  and  in  several 
was  above  100  c.c. 

Third,  the  tube  may  have  failed  to  reach  food  retained  in  the 
lower  loculus  of  an  hour-glass  stomach.  It  seems  probable  that 
this  occurred  in  at  least  one  instance  of  hour-glass  stomach  where 
the  roentgen  ray  showed  a  residue,  but  the  gastro-enterologist  re- 
ported none. 

Fourth,  marked  differences  as  to  the  quantity  and  character 
of  the  food  taken  by  the  patient  may  have  affected  the  gastro- 
enterologist 's  results. 

Fifth,  in  exceptional  instances  of  organic  stenosis  at  the 
pylorus  (cancer  or  ulcer)  the  tube  found  retained  raisin-skins  when 
the  roentgenologic  test  failed  to  show  a  barium  retention.     It  is 
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clear  that  a  stenosis  might  be  sufficiently  narrow  to  block  the  pas- 
sage of  these  skins,  yet  permit  a  fair  exit  of  finely  divided  barium. 

Application  of  the  Roentgen  Test 
It  is  evident  that  the  double-meal  method  does  not,  as  a  routine, 
concern  itself  with  hypermotility  in  terms  of  exact  time  of  evacua- 
tion, although  this  can  be  established  with  either  the  first  or  the 
second  meal  if  desired.  As  a  rule,  the  degree  of  hypermotility  can 
be  reckoned  by  the  advance  of  the  head  of  the  first  meal  beyond  the 
cecum,  plus  the  freedom  and  continuity  of  exit  of  the  second  meal 
through  the  pylorus.  It  is  true  that  the  position  of  the  six-hour 
meal  is  the  net  result  of  the  motility  both  of  the  stomach  and  in- 
testine, but  in  the  absence  of  intestinal  obstruction  as  shown  by 
other  roentgen  signs,  or  severe  obstipation  or  diarrhea,  as  indi- 
cated by  the  anamnesis,  the  intestinal  factor  can  be  disregarded. 

In  the  presence  of  an  evident  hypermotility  we  have  to  con- 
sider as  possible  causes  duodenal  ulcer,  gastric  carcinoma,  anacid- 
ity,  and  diarrhea.  The  report  of  the  gastric  analysis  or  the  clinical 
history  will  decide  as  to  anacidity  or  diarrhea,  respectively.  The 
most  typical  hypermotility  is  seen  in  cancer,  with  its  gaping  pylorus, 
which  may  be  infiltrated  and  stiffened  or  merely  relaxed  by  the 
anacidity.  The  flow  through  the  pyloric  opening  is  continuous 
and  frequently  voluminous,  and  the  six-hour  meal  may  have  ad- 
vanced into  the  transverse  colon  or  beyond.  The  hypermotility 
of  gastric  cancer  is  not  incompatible  with  actual  narrowing  of  the 
pylorus,  which  remains  steadily  open  and  thus  more  than  com- 
pensates for  the  narrowing.  Over  90  per  cent,  of  the  gastric 
cancers  will  reveal  direct  roentgen  evidence  (filling  defects),  so 
that  hypermotility  is  by  no  means  a  principal  sign.  The  hyper- 
motility of  duodenal  ulcer  is  commonly  attributed  to  interference 
with  the  pylorus-closing  reflex,  as  well  as  to  hypertonus,  and  hyper- 
peristalsis.  Here,  again,  these  factors  may  balance  or  even  over- 
compensate  a  slight  organic  or  spasmodic  stenosis  at  the  site  of  the 
ulcer.  In  any  event,  most  of  the  cases  of  duodenal  ulcer  i^dll  show 
hyperperistalsis  or  other  diagnostic  signs  in  the  way  of  an  accessory 
pocket  or  deformity  of  the  bulb. 
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An  initial  rapid  rate  of  clearance  of  the  second  barium  meal 
through  the  pylorus  is  not  alone  a  dependable  sign  of  hypermo- 
tility;  the  advancement  of  the  six-hour  meal  in  the  colon  should 
also  be  considered.  We  have  seen  numerous  cases  of  cholecystitis 
(with  and  without  periduodenal  adhesions),  chronic  appendicitis, 
hypochlorhydria  from  all  causes,  and  general  reflex  gastrospasm, 
in  which  the  clearance  was  large  and  uninterrupted  during  five  or 
ten  minutes*  examination,  yet  this  clearance  was  probably  not 
characteristic  of  the  whole  period  of  digestion,  since  the  six-hour 
meal  was  not  advanced  beyond  its  average  position. 

By  the  process  of  elimination  few  cases  of  actual  hypermotility 
remain  unexplained,  and,  on  the  whole,  it  is  of  less  practical  impor- 
tance than  its  converse. 

With  the  stomach  empty  at  the  end  of  six  hours  and  the  head 
of  the  motor  meal  anywhere  from  the  cecum  to  the  hepatic  flexure, 
the  gastric  motility  is  considered  normal,  at  least  so  far  as  the  net 
result  is  concerned.  It  does  not  follow  that  this  finding  absolutely 
excludes  any  disturbance  of  either  the  active  or  passive  factors  of 
motility,  since  a  diminution  of  one  may  be  offset  by  an  exaggeration 
of  the  other.  For  example,  a  somewhat  stenotic  pylorus  or  duo- 
denum may  be  balanced  by  vigorous  gastric  peristalsis  or  an 
achylia;  or  a  so-called  atonic  stomach  with  weak  peristalsis  may 
evacuate  its  contents  through  an  unusually  patent  pylorus  in 
average  time.  Hence  a  stonxach  that  is  empty  at  six  hours,  with 
the  motor  meal  at  or  not  far  beyond  the  cecum,  is,  strictly  speaking, 
normal  as  to  motility  only  on  condition  that  other  elements  are 
normal  also,  that  is,  acidity,  peristalsis,  tonus,  and  pyloric  func- 
tioning. If  any  of  the  latter  are  definitely  abnormal,  the  presump- 
tion is  that  one  abnormality  is  compensated  by  some  other,  and  an 
analysis  of  the  complication  may  promote  diagnostic  nicety.  With 
our  present  limitations,  however,  a  calculation  of  this  sort  could 
easily  lead  to  error  by  its  intricacy.  Likewise,  between  the  average 
emptying  time  of  say  three  hours  and  the  arbitrary  limit  of  six 
hours  allowed  for  presumptively  normal  evacuation,  is  a  rather 
wide  zone  for  the  play  of  physiologic  and  occasionally  pathologic, 
factors  causing  hypomotility.     It  was  precisely  to  make  liberal 
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allowance  for  these  that  Haudek  drew  his  line  at  six  hours,  and 
for  this  reason  we  have  adhered  to  that  line,  though  our  meal 
probably  leaves  the  stomach  earlier  than  Haudek's.  If  there  is 
error  it  is,  at  all  events,  on  the  side  of  safety.  For  emptying  times 
greater  than  three  hours  but  less  than  six  hours,  there  is  a  host  of 
possible  causes,  including  depressive  psychic  states,  weak  peri- 
stalsis, hypotonus  or  so-called  atony,  high  hubhohe,  ptosis,  hyper- 
acidity, reflex  spasm  of  the  pylorus,  and  slighter  grades  of  stenosis, 
whether  uncompensated  or  only  partially  compensated.  In  many 
cases,  although  the  stomach  is  empty  at  six  hours,  retarded  evacu- 
ation is  evinced  by  the  motor  meal  lying  proximal  to  the  cecum, 
together,  sometimes,  with  scanty  initial  clearance  of  the  second 
meal.  Often  the  cause  of  this  moderate  hypomotility  is  manifest  in 
the  form,  position,  peristalsis,  or  tone  of  the  stomach,  or  the  func- 
tioning of  the  pylorus.  In  our  own  experience  organic  stenoses 
causing  delayed  gastric  evacuation,  but  within  six  hours,  have  been 
relatively  rare.  Shortening  the  time  limit  to  say  five  hours  in  order 
to  detect  such  cases  would  probably  result  in  greater  error  by  in- 
cluding physiologic  and  functional  delays. 

The  six-hour  limit  allows  for  delay  resulting  mainly  from  weak- 
ened active  factors  of  motility — tonus  and  peristalsis.  Delay  be- 
yond six  hours  signifies,  as  a  rule,  some  disturbance  of  the  passive 
factor,  namely,  organic  or  spastic  obstruction  at  or  near  the  pylo- 
rus. It  should  be  reiterated  that  this  delay  must  be  shown  by  a 
substantial  and  visible  residue,  not  mere  traces  held  in  the  gastric 
folds,  nor  a  collection  in  the  lower  pole  so  small  that  it  can  be  seen 
only  with  difficulty.  With  a  retention  of  one-fourth  or  more  of  the 
meal,  either  obstruction  of  an  organic  character  probably  exists  or  a 
serious  lesion  interfering  reflexly  with  emptying.  Among  the  causes 
of  organic  obstruction  we  have  noted  duodenal  and  pyloric  ulcer 
wnth  cicatricial  contraction,  hypertrophic  pyloric  stenosis,  pedun- 
culated benign  tumors  (polyposis),  pyloric  carcinoma,  syphilis  of  the 
stomach,  carcinoma  of  the  upper  jejunum,  and  adhesion  bands 
from  inflammatory  processes  in  the  right  upper  abdominal  quad- 
rant, usually  pericholecystitis.  Other  causes  of  obstruction  men- 
tioned in  the  literature  are  foreign  bodies  (hair-balls,  fruit-stones, 
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etc.),  kinking  of  the  prolapsed  stomach  at  its  duodenal  anchorage, 
adhesions  from  chronic  appendicitis,  and  tumors  outside  the  duode- 
num pressing  on  it,  although  we  have  not  encountered  a  six-hour 
retention  attributable  to  any  of  these,  except  possibly  the  last. 

Small  residues  down  to  an  eighth  or  less  of  the  motor  meal 
may,  of  course,  also  result  from  organic  narrowing.  A  commoner 
cause  is  spasm  of  the  pylorus  occurring  reflexly  from  a  lesion  of  the 
stomach  itself,  such  as  ulcer,  or  from  an  extrinsic  pathologic  focus, 
most  often  the  gall-bladder  or  appendix,  and  also,  but  rarely,  from 
more  remote  abdominal  lesions.  Holzknecht^  has  remarked  the 
possibility  of  a  six-hour  bismuth  residue  from  pyloric  spasm  due  to 
morphinism,  or  a  single  administration  of  morphin  at  the  time  of 
examination. 

In  explaining  the  mechanism  by  which  gastric  retentions  are 
produced  in  the  absence  of  an  organic  stenosis,  roentgenologists 
have  frequently  assigned  "pylorospasm"  as  a  cause.  Now,  by  the 
clinician,  the  terra  is  limited  to  a  spasmodic  contraction  of  the 
pylorus  accompanied  by  pain,  vomiting,  etc.,  occurring  commonly 
as  a  symptom  of  extragastric  conditions,  for  example,  disease  of  the 
gall-bladder.  Roentgenologically,  the  word  has  been  used  rather 
broadly,  perhaps  somewhat  loosely,  to  cover  an  irritable,  or  hyper- 
tonic, or  spastic  pylorus,  which  relaxes  less  freely  or  less  frequently 
than  the  normal  pylorus,  regardless  of  symptoms. 

As  a  matter  of  fact,  a  pylorus  which  is  not  organically  stenosed 
is  not  infrequently  seen  to  remain  closed  continuously  or  for  abnor- 
mally long  periods  during  the  roentgen  examination  of  anatom- 
ically normal  stomachs  showing  a  six-hour  retention,  and  whether 
or  not  the  term  "pylorospasm  "  be  strictly  applicable,  the  condition 
cannot  be  ignored  as  a  probable  cause  of  gastric  retention. 

As  remarked  previously,  Haudek  has  mentioned  the  high  hub- 
hohcy  that  is,  a  long,  steeply  ascending  pyloric  arm,  as  a  cause 
of  hypomotility.  Of  very  similar  character  is  the  "water-trap 
stomach"  of  Satterlee  and  LeWald,  in  many  cases  of  which,  with 
their  technic,  six-hour  residues  were  noted.  In  both  these  condi- 
tions there  is  usually  a  degree  of  gastric  atony.  Cannon'*  holds 
that,  in  the  normal  stomach,  drainage  by  gravity  is  an  unfortunate 
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conception,  that  the  food  is  in  exact  equilibrium,  and  that  muscular 
action  is  necessary  to  its  progression.  Haudek  claims,  on  the  other 
hand,  that  the  existence  of  an  impeding  action  of  a  high  level  of  the 
outlet  has  been  shown  experimentally,  as  there  is  a  shortened  evac- 
uation time  in  the  right  lateral  position  and  a  prolonged  evacuation 
time  in  the  left  lateral  position.  Neilson  and  Lipsitz'^  have  found, 
from  experiments  on  healthy  young  men,  that  lying  on  the  right  side 
produces  a  more  rapid  evacuation  of  water  than  does  any  other  posi- 
tion, and  that  lying  on  the  back  causes  a  quicker  emptying  than  the 
upright  posture.  In  the  light  of  these  statements  it  would  appear 
that  while  gravity  probably  plays  a  minor  rdle  in  gastric  evacua- 
tion, as  compared  with  other  factors,  it  cannot  be  altogether  dis- 
regarded. Whether  a  high  situation  of  the  pyloric  outlet,  without 
an  associated  gastric  atony,  mayor  may  not  cause  a  delay  of  evacua- 
tion, we  have  not  noted  such  delay  go  beyond  six  hours  with  the 
barium  meal.  Nor  have  we  noted  a  six-hour  residue  attributable 
simply  to  hyperacidity,  atony,  or  intestinal  stasis  with  or  without 
"  ki^nking  of  the  duodenum."  While  the  motiHty  of  the  stomach  in 
a  given  case  is  susceptible  of  some  variation  from  time  to  time,  we 
have  seldom  seen  a  six-hour  retention  which  did  not  recur  at  a  sub- 
sequent examination.  But,  in  the  case  of  a  residue  without  any 
other  diagnostic  indications,  the  test  with  the  motor  meal  should  be 
repeated  before  drawing  conclusions.  On  the  whole  it  would  seem 
that  Holzknecht  was  not  speaking  extravagantly  when  he  said: 
"Haudek's  method  of  the  double  bismuth  meal  has  at  one  step 
promoted  the  motility  test  to  the  first  place  in  the  roentgen  exam- 
ination of  the  stomach." 

The  interpretation  of  the  results  from  the  double-meal  method 
may  be  either  simple  or  complex,  as  desired.  The  observer  may  be 
content  with  determining  the  presence  or  absence  of  a  residue  at 
the  end  of  six  hours.  With  the  presence  of  such  a  residue  he  can  be 
fairly  certain  of  organic  pathology  somewhere  in  the  gastro-intesti- 
nal  tract,  and  probably  in  the  stomach  or  duodenum.  Again,  he 
may  also  take  cognizance  of  hypermotility  or  lesser  degrees  of  hypo- 
motility.  Still  again  he  may  consider  the  results  in  the  light  of  all 
the  discoverable  factors  pertaining  to  motility,  including  the  gas- 
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trie  form,  position,  tonus,  peristalsis,  and  acidity.  Finally,  he  may 
combine  and  correlate  his  findings  with  other  roentgenologic  signs, 
the  physical  examination,  and  the  clinical  history.  By  the  con- 
struction of  "symptom-complexes"  in  this  manner  Holzknecht'^ 
was  enabled  to  make  diagnoses  which  otherwise  could  not  be  made, 
and  we  have  routinely  followed  this  plan  to  advantage.  While  this 
has  been  criticized  as  an  "indirect"  method  in  comparison  with  the 
"direct"  method,  namely,  that  of  proving  the  presence  of  a  lesion  by 
showing  local  deformity  of  contour,  we  can  only  say  that  we  have 
often  failed  to  discover  such  deformity  although  the  symptom,  and 
sign-complex  established  the  diagnosis.  Certainly  deformity  of 
contour  is  of  the  highest  roentgenologic  value  and  should  be  zeal- 
ously sought  for,  but,  like  all  other  signs,  it  fades  gradually  into  the 
realm  of  uncertainty.  A  six-hour  residue  is  a  strong  stimulus  to 
careful  search  for  direct  signs,  and,  if  the  latter  are  found,  the  pres- 
ence of  a  retention  is  added  assurance  that  the  eye  is  not  deceived, 
that  a  lesion  exists,  and  that  it  is  interfering  with  motility,  which 
latter  information  is  important  to  the  surgeon.  A  diagnosis  which 
takes  into  account  all  the  facts  obtainable  from  all  sources  is  less 
likely  to  go  astray  than  one  which  rests  on  a  single  phenomenon. 
Gastric  retention  can  be  combined  into  various  indicative  com- 
plexes. A  six-hour  residue  with  a  stomach  of  normal  contour,  show- 
ing hyperperistalsis,  means  obstructive  duodenal  ulcer  more  than 
ninety  times  out  of  a  hundred.  Residue  plus  an  apparently  normal 
gastric  outline,  plus  an  irregular,  vigorous  peristalsis,  chiefly  on  the 
greater  curvature,  usually  signifies  a  lesion  involving  the  pylorus. 
A  residue  with  an  achylia,  but  without  gross  alteration  of  the  gastric 
contour,  should  suggest  the  probability  either  of  a  small  obstruct- 
ing pyloric  carcinoma,  or  obstruction  of  the  duodenum  by  pericho- 
lecystic  adhesions;  careful  attention  to  the  pyloric  and  duodenal 
contours  will  usually  make  the  distinction.  Residue  wnth  hyper- 
acidity and  no  irregularity  of  the  gastric  or  duodenal  outline  would 
indicate  a  stomach  reflexly  aflFected  by  some  other  abdominal  con- 
dition, notably  cholecystitis  or  appendicitis.  Innumerable  but 
practicable  complexes  can  be  formulated  by  the  introduction  of 
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other  related  data.  We  have  on  other  occasions  emphasized  the 
importance  of  a  general  correlation  in  every  case. 

The  possibilities  of  the  roentgenologic  estimation  of  motility  are 
by  no  means  exhausted.  The  method  described  in  detail  deals  with 
the  evacuation  of  a  carbohydrate  meal  only.  We  can  freely  endorse 
its  convenience  and  trustworthiness  in  the  diagnosis  of  the  graver 
and  usually  surgical  conditions.  By  a  mixed  meal  and  an  extension 
of  the  time  limit,  or  by  examination  at  short  intervals,  or  by  testing 
the  motility  of  each  individual  for  carbohydrates,  proteins,  and  fats 
separately,  the  diagnosis  of  slighter  disturbances  of  motility,  amen- 
able to  medical  treatment,  might  be  assisted.  But,  with  all  the 
w^ork  of  the  experimental  physiologists  before  us,  no  meal  can  be 
devised  the  normal  emptying  time  of  which  can  be  foretold  with 
certainty,  and  any  test  must  be  proved  by  trial  with  an  abun- 
dant material. 

As  a  caricature  may  sometimes  serve  to  show  the  truth  better 
than  a  photograph,  so  a  diagrammatic  representation  of  motility 
may  assist  a  clearer  understanding.  Taking  as  a  basis  a  meal  which 
leaves  the  normal  stomach  in  an  average  time  of  say  three  hours, 
such  as  the  bariumized  carbohydrate  meal,  we  may  divide  gastric 
evacuation  time  as  represented  on  a  scale  of  hours  into  three  zones, 
viz.: 

1.  A  zone  of  normal  motility. 

2.  A  zone  of  pathologic  hypermotility. 

3.  A  zone  of  pathologic  hypomotility. 

1.  The  zone  of  normal  motility  must  extend  from  an  emptying 
time  somewhat  less  than  three  hours  to  an  emptying  time  some- 
what greater  than  three  hours,  since  we  can  fix  the  three-hour  point 
only  as  an  average,  on  either  side  of  which  a  variation  may  be  due 
to  purely  physiologic  causes.  Within  this  zone  we  are  also  obliged, 
as  a  conservative  measure,  to  include  slighter  tendencies  to  hyper- 
motility or  hypomotility  from  causes  which,  though  pathologic,  are 
not  pronounced  or  are  compensated  wholly  or  in  part.  General 
knowledge  justifies  the  assumption  that  such  variation  toward 
hypermotility  is  not  wide,  and,  for  the  purpose  of  this  diagram,  we 
may  choose  the  two-hour  point  as  the  normal  minimum.      The 
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variation  toward  hypomotility  we  may  grant  to  be  much  wider; 
Haudek  makes  a  generous  allowance  to  the  end  of  the  sixth  hour, 
which  we  will  accept.  The  contents  of  this  normal  zone  would 
then  include: 

(a)  Normal  motility.  (Example:  A  normal  stomach  function- 
ating in  a  normal  manner.) 

(6)  Early  emptying,  physiologic.  (Example:  A  hypertonic, 
steer-horn  stomach.) 

(c)  Early  emptying,  pathologic,  but  partially  compensated. 
(Example:  Duodenal  ulcer  with  obstruction  sufficient  to  prolong 
the  evacuation  time  to  two  hours  in  spite  of  an  associated  hyper- 
peristalsis,  hypertonus,  and  free  pyloric  patency.) 

(rf)  Disordered  motility  with  abnormal  but  balanced  factors. 
(Example:  Stenosing  carcinoma  with  achylia,  yet  with  a  net  empty- 
ing time  of  three  hours.) 

(e)  Delayed  emptying,  physiologic.  (Example:  A  somewhat 
hypotonic  fish-hook  stomach.) 

(/)  Delayed  emptying,  pathologic,  but  partially  compensated. 
(Example:  Stenosis  with  hyperperistalsis,  emptying  being  re- 
tarded, but  wnthin  six  hours.) 

2.  The  zone  of  hypermotility,  restricted  to  an  emptying  time 
less  than  two  hours,  would  include  such  frankly  pathologic  condi- 
tions as  non-obstructing  gastric  carcinoma,  duodenal  ulcer,  and 
diarrheic  conditions. 

3.  The  zone  of  hypomotility,  beyond  six  hours,  would  comprise 
the  stenoses,  both  organic  and  spasmodic,  as  examples  of  which 
may  be  mentioned  obstructing  pyloric  carcinoma  or  ulcer,  markedly 
obstructing  duodenal  ulcer,  and  reflex  pylorospasm  from  disease  of 
the  gall-bladder,  or  gastric  ulcer  remote  from  the  pylorus. 

As  a  matter  of  fact,  we  know  that  these  zones  may  overlap  each 
other  and  that  time  alone  will  not  delimit  normal  from  abnormal 
motility.  The  diagram,  while  somewhat  practical  in  a  way,  illus- 
trates the  time  factor  only,  and,  as  said  before,  a  final  opinion  must 
rest  on  an  analysis  of  all  the  factors.  By  the  roentgen  method 
this  analysis  is  both  possible  and  practicable,  and  herein  lies  its 
superiority  to  the  test-meal  and  tube. 
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Hour 


Zone  of  Hypermotility . . 


Zone  of  Normal  Motility 


Zone  of  Hypomotility 


Early  emptying,  pathologic.  (N'on-obstnicting  gas- 
tric carcinoma.  Duodenal  ulcer.  Diarrheic  con- 
ditions.) 

Early  emptying,  physiologic.  (Hypertonic,  steer- 
horn  stomach.) 

Early  emptying,  pathologic,  but  slight,  or  partially 
compensated.  (Duodenal  irritation.  Duodenal 
ulcer  with  obstruction  sufficient  to  prolong  the 
evacuation  time  to  two  hours  in  spite  of  associated 
hyperperistalsis,  hj'pertonus,  and  free  pyloric 
patency.) 

Normal  emptying.  (A  normal  stomach  function- 
ating in  a  normal  manner.) 

Disordered  motility  with  abnormal  but  balanced 
factors.  (Stenosing  carcinoma  with  achylia; 
average  emptying  time.) 

Delayed  emptying,  physiologic.  (Hj'potonic  fish- 
hook stomach.) 

Delayed  emptying,  pathologic,  but  slight  or  partially 
compensated.  (Slight  stenosis.  Stenosis  with 
hyperperistalsis;  evacuation  retarded  but  within 
six  hours.) 

Delayed  emptying,  pathologic. 
Stenosis: 

(a)  Organic.  (Obstructing  pyloric  carcinoma. 
Pyloric  ulcer.  Obstructing  duodenal  ulcer. 
Periduodenal  adhesions,  etc.) 
(6)  Spasmodic.  (Reflex  pylorospasm  from 
ulcer  on  the  lesser  curvature,  cholecystitis, 
appendicitis,  and  remote  abdominal  lesions.) 


8 
etc.- 


Conclusions 

1.  It  would  seem  that  the  bariuinized  carbohydrate  meal  des- 
cribed above  is  a  more  sensitive  test  for  gastric  motility  than  the 
modified  Riegel  meal  as  commonly  used  in  the  Mayo  Clinic. 

2.  The  roentgenologic  double-meal  method  is  more  informative 
than  tubing  after  a  motor  test-meal,  since  the  former  not  only 
shows  delay  of  evacuation  beyond  six  hours,  but  also  yields  informa- 
tion as  to  hypermotile  conditions,  and  often,  by  showing  both  the 
active  and  passive  factors  concerned  in  motility,  aids  in  the  judg- 
ment of  the  net  result. 

3.  A  distinct  residue  after  six  hours  from  the  barium  meal  given 
under  the  conditions  prescribed  has  been,  nine  times  out  of  ten,  in 
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OUT  experience,  indicative  of  grave  pathology'  and  usually  denotes 
obstruction  at  or  near  the  pylorus. 

4.  The  roentgenologic  method  is  probably  capable  of  further 
elaboration  and  refinement.  By  this  means  the  motility  of  the 
stomach  for  various  food-stuffs,  given  separately  and  in  combina- 
tion, can  be  determined  with  ease  and  accuracy,  and  by  such  deter- 
minations the  diagnosis  of  gastric  disorders  might  be  further  pro- 
moted. 

5.  The  six-hour  barium  residue  may  be  the  most  definite  and 
striking  roentgenologic  sign  of  a  gastro-intestinal  lesion.  Other 
signs  may  be  so  slight  and  indefinite  that  a  diagnosis  might  not  be 
ventured  without  this  retention. 

6.  Retention  of  the  barium  meal  is  often  an  important  element 
in  roentgenologic  syndromes  as  used  in  diagnosis.  In  the  absence 
of  other  decisive  Roentgen  manifestations  this  finding  may  have 
considerable  value  in  correlation  with  the  clinical  data. 
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ROENTGEN  DIAGNOSIS  OF  GASTRIC  CANCER, 
WITH  SOME  ILLUSTRATIVE  CASES  * 

RUSSELL    D.    CARMAN 


In  the  detection  of  cancer  of  the  stomach,  the  roentgen  rays 
take  precedence  over  all  other  methods,  despite  the  fact  that  "we 
are  only  in  the  daguerreotype  stage  of  roentgen-ray  photography."^ 
In  the  Mayo  Clinic,  95  per  cent,  of  gastric  carcinomas  are  dis- 
covered by  this  means,  a  percentage  which  is  not  approached  by 
any  other  process  of  examination. 

Since  nearly  one-third  of  all  cancers  occur  in  the  stomach,  and 
since  early  recognition  and  operation  alone  afford  a  chance  of  cure, 
any  measure  which  will  increase  the  number  of  correct  and  early 
diagnoses  is  of  the  highest  importance. 

Prior  to  the  development  of  gastric  roentgenology,  diagnostic 
reliance  had  to  be  placed  upon  the  history,  the  physical  examina- 
tion, and  the  gastric  analysis.  Significant  in  the  history  were:  mid- 
dle or  advanced  age  of  the  patient;  digestive  disturbance,  such  as 
anorexia,  vomiting,  occasionally  pain,  hematemesis,  etc. ;  cachexia 
and  loss  of  weight.  By  the  physical  examination  the  presence  of 
a  tumor  was  sought.  The  gastric  analysis  was  scanned  for 
achlorhydria,  food  remnants,  blood,  and  Oppler-Boas  bacilli. 

It  is  quite  clear  that  the  most  important  of  these  evidences  can 

result  only  from  a  cancer  which  is  well  advanced  or  one  which  is 

obstructive.     The  records  of  our  clinic  show  that  in  a  large  series 

of  cases  confirmed  by  operation,  67  per  cent,  of  the  patients  had 

palpable  tumors  and  53.3  per  cent,  had  food  remnants.     In  other 

words,  33  per  cent,  had  no  palpable  tumors  and  46.7  per  cent,  had 

no  food  remnants  to  indicate  obstruction.     It  is  precisely  in  those 

*  Reprinted  from  the  Amer.  Jour.  Med.  Sci.,  1915,  cl,  625.  Copyright,  1915, 
Lea  and  Febiger. 
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cases  which  show  neither  tumor  nor  food  remnants  that  the  roent- 
gen rays  have  their  greatest  field  of  usefulness  and  superiority.  It 
is  no  longer  necessary  to  wait  until  the  tumor  is  palpable  or  until 
evidences  of  marked  obstruction  exist. 

There  is  no  intent  to  say  that  the  clinical  data  should  be  dis- 
carded. On  the  contrary,  the  roentgenologist  should  in  every 
instance  be  acquainted  with  the  clinical  facts.  If  suggestive  of 
cancer,  they  will  stimulate  him  to  a  more  exhaustive  search.  If 
negative,  they  will  exercise  a  wholesome  restraint  upon  his  inter- 
pretation of  the  reflex  phenomena  so  often  produced  by  conditions 
outside  the  stomach.  More  important  still,  the  final  diagnosis 
should  be  compatible  with  all  the  findings,  if  possible,  and  occasion- 
ally only  their  correlation  will  make  the  diagnosis.  A  combination 
of  all  methods  forms  a  net  through  which  few  cancers  will  escape. 

It  must  be  conceded  that  the  carcinomatous  character  of  tissue 
can  be  positively  determined  only  by  the  microscope,  and  the 
roentgen  rays  can  merely  show  the  presence  of  a  gastric  tumor, 
which  may  or  may  not  be  malignant.  However,  benign  gastric 
neoplasms  are  uncommon;  according  to  Graham,^  95  per  cent,  of 
tumors  of  the  stomach  are  cancer.  Further,  in  the  occasional  in- 
stance of  a  non-malignant  new  growth,  if  the  salient  features  of  the 
clinical  history  are  considered,  the  diagnostician  will  be  at  least 
suspicious  of  the  fact. 

The  roentgenologic  manifestations  of  gastric  cancer  include 
departures  from  the  normal  contour,  pyloric  action,  peristalsis, 
motility,  flexibility,  mobility,  position,  and  size  of  the  stomach. 
Enumerated  in  the  order  of  their  relative  importance,  these  signs 
are: 

1.  Filling  defects. 

2.  Alterations  of  pyloric  function:  (a)  gaping  of  the  pylorus, 
(6)  obstruction  of  the  pylorus. 

3.  Perversion  of  peristalsis:  (a)  absence  of  peristalsis  from  in- 
volved areas;  (6)  weak  peristalsis;  (c)  antiperistalsis;  (d)  exag- 
gerated peristalsis;  (e)  irregular  peristalsis. 

4.  Altered  motility:  (a)  rapid  and  early  emptying  (non-obstruc- 
tive cases);  (6)  delayed  emptying  (obstructive  cases). 
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5.  Lessened  flexibility. 

6.  Lessened  mobility. 

7.  Altered  size  (capacity). 

8.  Displacement. 

Filling  Defects, — ^The  filling  defect  is  the  basic  radiologic  sign 
of  cancer  and  practically  indispensable  to  a  positive  diagnosis.  It 
is  occasioned  by  the  projection  of  the  tumor  into  the  barium-filled 
lumen  of  the  stomach,  thus  producing  irregularity  of  contour.  At 
the  stage  at  which  most  patients  first  come  for  examination,  the 
tumor  usually  has  attained  considerable  size,  and  the  filling  defect 
is  sufficiently  extensive  to  be  readily  seen. 

In  aspect,  filling  defects  vary  somewhat  according  to  the  char- 
acter and  seat  of  the  neoplasm.  The  fungoid  cancer  often  shows 
multiple  gross  irregularities,  gradually  shading  off  into  the  barium 
shadow,  giving  a  more  or  less  stereoscopic  effect  to  the  elevations 
and  depressions. 

The  infiltrating  scirrhous  cancer  may  greatly,  though  somewhat 
irregularly,  narrow  the  lumen  of  the  affected  portion,  which  is  most 
commonly  the  pyloric  end. 

A  small  cancer  at  the  pylorus  may  produce  a  broadening  of  the 
duodenopyloric  hiatus  or  a  conical  vestibule.  A  more  extensive 
cancer  may  seemingly  cut  off  the  entire  prepyloric  segment. 

Cancer  of  the  pars  media  may  result  in  an  hour-glass  deformity. 
High  up  in  the  cardia  the  tumor  may  infringe  upon  the  contour  of 
the  gas-bubble  and  contrast  with  the  translucency  of  the  latter. 

A  tumor  on  the  anterior  or  posterior  wall  alters  the  contour  in 
the  sagittal  view;  in  the  anteroposterior  view  it  may  show  centrally 
as  a  less  dense  area  within  the  barium  shadow. 

The  actuality  and  permanence  of  filling  defects  cannot  be  deter- 
mined with  finality  by  a  few  roentgenograms  alone.  Essential  here 
is  the  screen  examination,  during  which  the  gastric  shadow  can  be 
studied  at  various  angles  by  turning  the  patient  and  the  effect  of 
active  and  passive  movements  observed. 

A  true  filling  defect  is  permanent,  showing  no  change  in  location 
or  appearance  after  palpatory  manipulation,  after  administration 
of  antispasmodics,  or  upon  reexamination. 
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Absence  of  peristalsis  from  the  suspected  area  is  highly  con- 
firmatory. 

The  correspondence  of  a  filling  defect  to  a  palpable  mass  is 
strongly  indicative  of  its  genuineness. 

Irregularity  of  outline  and  lack  of  symmetry  are  rather  constant 
in  true  filling  defects. 

Filling  defects  in  the  pars  media  are  less  likely  to  be  overlooked 
than  those  in  the  pars  cardiaca  or  the  pars  pylorica.  A  filling  defect 
high  up  in  the  cardia  may  not  contrast  strongly  with  the  translu- 
cent gas-bubble.  It  may  be  brought  into  better  relief  by  pressing 
the  barium  upward,  or  by  screening  and  plating  in  the  recumbent 
position.  Small  filling  defects  in  the  pars  pylorica  require  careful 
study  for  detection,  owing  to  the  difficulty  of  obtaining  a  clear  out- 
line of  this  region,  because  of  its  proximity  to  the  spine,  and  the 
tendency  of  the  barium  to  settle  away  from  the  pylorus  of  a  fish- 
hook stomach.  A  small  defect,  which  may  be  well  seen  in  the  partly 
filled  stomach,  may  be  concealed  in  the  distended  stomach.  Hence, 
observation  should  be  made  during  the  process  of  ingestion  as  w^ell 
as  after  repletion.  The  diaphragm  on  the  tube-box  should  be 
actively  employed  and  the  aperture  narrowed  to  increase  the  dis- 
tinctness of  small  suspected  areas,  thus  facilitating  close  scrutiny. 
Filling  defects  situated  in  the  pars  media  occasionally  produce 
hour-glass  deformity.  More  commonly  such  an  hour-glass  is  of  the 
X-type,  in  contradistinction  to  the  usual  B-type  of  gastric  ulcer  or 
gastric  spasm,  but  this  distinction  is  not  invariable.  As  a  rule,  the 
hour-glass  of  cancer  lacks  the  sharply  defined  contour  of  the  hour- 
glass due  to  ulcer  or  spasm,  and  shows  an  indefinite  shading  off. 

Filling  Defects  from  Causes  Other  than  Cancer, — Filling  defects, 
either  apparent  or  real,  may  be  produced  by  numerous  conditions 
other  than  cancer.  Apparent  filling  defects  may  result  from  the 
use  of  faulty  media  (stiff  media,  poorly  mixed  or  without  sufficient 
barium) ;  secretion  in  the  stomach;  food  remnants;  hair  ball  (tricho- 
bezoar); gas  or  fecal  matter  in  the  colon;  barium  in  the  bowel 
adjacent  to  the  stomach;  lordosis  and  scoliosis;  pressure  of  the 
stomach  against  the  spine;  pressure  of  a  deformed  costal  arch; 
strong  retraction  of  the  upper  abdominal  wall;  spasm;  adhesion 
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from  perigastric  inflammations;  extrinsic  tumors,  including  those 
of  the  liver,  spleen,  pancreas,  kidney,  large  and  small  bowel,  omen- 
tum, mesentery,  and  belly  wall;  displacement  and  distortion  of  the 
stomach  by  ascites,  ovarian  cysts,  pregnancy,  etc.  Actual  filling 
defects  not  distinguishable  of  themselves  from  those  of  cancer, 
may  be  caused  by  various  benign  tumor-producing  lesions  of  the 
stomach. 

Faulty  media  in  which  the  barium  is  irregularly  distributed  may 
give  varying  degrees  of  opacity  in  the  gastric  shadow  and  thus 
imitate  filHng  defects.  The  mixture  may  be  too  stiff,  poorly  mixed, 
or  an  insufficient  quantity  of  barium  may  be  used.  With  very  thin 
mixtures  the  barium  often  settles  to  the  lower  pole,  leaving  irregular 
shadings  along  the  lesser  curvature.  A  little  palpatory  shifting  of 
the  gastric  contents  readily  shows  the  character  of  these  pseudo- 
defects,  and  erroneous  interpretation  is  not  likely  to  occur  unless  an 
attempt  is  made  to  base  a  diagnosis  upon  plates  alone. 

An  excessive  amount  of  secretion  in  the  stomach,  while  it  usu- 
ally rises  above  the  opaque  meal,  may  mingle  wnth  it  irregularly  or 
thin  its  consistence.  Sometimes  secretion  is  imprisoned  in  the 
pyloric  end  of  a  fish-hook  stomach,  showing  as  a  clear  area  above 
the  opaque  meal.  The  straight  horizontal  line  of  demarcation 
between  the  secretion  and  the  barium  is  indicative  of  the  artificial 
nature  of  the  defect.  By  palpatory  pressure  the  secretion  can  be 
displaced  by  the  meal,  or  is  passed  into  the  duodenum. 

Food  masses  in  the  stomach,  by  excluding  the  barium  from  the 
area  in  which  they  lie,  may  simulate  filling  defects.  Here  palpatory 
shifting  of  the  gastric  contents  will  cause  the  seeming  defect  to 
change  its  situation  or  disappear.  However,  as  a  matter  of  routine, 
patients  should  be  examined  only  in  the  fasting  condition.  Employ- 
ment of  the  tube  to  withdraw  food  remnants  in  cases  of  pyloric 
stenosis,  unless  otherwise  contraindicated,  may  be  resorted  to  if 
desirable. 

Occasionally  a  hair  ball  (trichobezoar)  is  found  in  the  stomachs 
of  neurotic  persons  who  are  addicted  to  biting  the  hair.  The  ac- 
cumulation may  be  a  rounded  ball,  varying  in  size,  or  may  form  a 
complete  cast  of  the  gastric  cavity.    After  giving  the  barium  meal, 
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the  stomach  shows  an  area  of  diminished  density  somewhat  like 
the  filling  defect  produced  by  cancer  on  the  anterior  or  posterior 
wall,  the  f)eripheral  contour  showing  fairly  well.  K  the  ball  is  small, 
it  can  be  displaced  by  manipulation  or  even  forced  up  into  the  gas- 
bubble. 

Gas  in  the  colon  is  a  common  source  of  annoyance.  Even  after 
preparation  of  the  patient  by  purging  there  may  be  more  or  less 
gas  in  the  splenic  flexure.  Frequently  the  distention  is  sufficient  to 
infringe  upon  the  greater  curvature  and  produce  considerable  irreg- 
ularity. Such  irregularities  ought  not  to  be  very  deceptive,  as  they 
change  with  manipulation,  and  the  distention  of  the  transparent 
loop  of  intestine  is  rather  obvious.  If  the  gas-bubble  is  intruded 
upon,  the  colonic  haustra  are  usually  evident.  Occasionally  the 
transverse  colon  may  be  displaced  upward  and  lie  directly  across 
the  stomach.  Its  course  may  be  traced  by  its  transparency  and 
haustration.  Fecal  matter  in  the  bowel  might  possibly  cause 
indentations  in  the  adjacent  gastric  contour,  although  we  have 
never  seen  this  condition. 

Masses  of  barium  from  the  six-hour  meal,  in  the  bowel  adjacent 
to  the  stomach,  sometimes  produce  apparent  irregularities  of  the 
gastric  contour  on  the  plate.  By  the  screen  examination  with 
changing  positions  and  palpation  their  character  is  easily  seen. 

Deformities  of  the  dorsal  and  lumbar  spine,  including  lordosis 
and  scoliosis,  may  deform  the  contiguous  gastric  contour.  Such 
conditions  are  rather  manifest  and  rare. 

Pressure  of  the  stomach  against  the  spine,  either  normal  or  with 
well-marked  physiologic  lordosis,  often  disfigures  the  transspinal 
portion  of  the  stomach.  This  disfigurement  is  often  seen  on  the 
plates  made  with  the  patient's  abdomen  pressed  tightly  against  the 
cassette.  Not  rarely  it  is  also  observed  during  roentgenoscopy, 
esi)ecially  when  the  patient  maintains  a  high  degree  of  abdominal 
rigidity  and  tension. 

Strong  retraction  of  the  belly  wall  sometimes  occasions  a  wide, 
regularly  curved  depression  in  the  greater  curvature  of  the  stomach, 
just  below  the  left  costal  arch.  Its  smooth,  sharp  outline  and  its 
situation  should  differentiate  it  from  an  actual  filling  defect. 
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Spasm  of  the  gastric  musculature  may  produce  very  deceptive 
imitations  of  the  filling  defects  caused  by  cancer.  Migrating  or 
intermittent  spastic  contractions,  which  are  frequently  seen,  are 
evidently  spasmodic  because  of  their  changing  situation  or  inter- 
ruption; but  spasm  is  not  always  migratory  or  intermittent.  Often 
a  non-moving,  spastic  incisura  will  indent  the  stomach  so  as  to 
form  an  hour-glass,  exactly  simulating  an  organic  hour-glass  stom- 
ach. In  other  cases  the  entire  pyloric  portion  of  the  stomach  may 
be  constricted  to  a  stiff,  narrow  tube,  rolling  under  the  palpating 
fingers  as  a  cylindrical  mass.  Again,  the  entire  stomach  may  be 
spastically  contracted,  small,  and  of  finely  irregular  contour,  with- 
out definite  peristalsis.  In  all  the  above  conditions  the  outline  of 
the  stomach,  though  not  regular,  is  sharply  defined,  and  this  cir- 
cumstance should  put  the  observer  on  guard.  However,  there  is  still 
another  variety  of  spasm  which  is  dangerously  misleading;  in  this 
form  the  barium  shadow  in  the  spastic  area,  which  may  be  large  or 
small,  fades  off  toward  the  gastric  periphery,  exactly  as  though 
intruded  upon  by  a  tumor  mass.  The  spasm  may  sometimes  be 
effaced  by  massage  during  the  screen  examination,  but  reappears, 
as  a  rule.  If  accessible  to  palpation,  the  absence  of  a  tumor  from 
the  suspected  region  should  suggest  cautious  interpretation.  The 
pyloric  portion  of  the  stomach  is  a  common  seat  of  this  spastic 
deformity. 

The  points  of  difference  between  the  true  filling  defects  and 
those  produced  by  spasm  can  be  summed  up  as  follows: 

The  true  defect  is  permanent,  may  correspond  to  a  palpable 
mass  if  accessible,  and  is  not  often  sharply  delineated. 

The  spastic  filling  defect  is  frequently  migratory  or  transient, 
sharp  in  outline,  and  the  contracted  muscle  is  rarely  palpable. 
Spasm  may  disappear  upon  distracting  the  attention  of  the  ner- 
vous patient  or  by  causing  him  to  relax  his  abdomen,  or  by  vig- 
orous palpatory  manipulation;  or  it  may  disappear  or  change  its 
situation  at  a  second  examination.  In  a  great  many  cases  reexam- 
ination after  the  administration  of  an  antispasmodic  is  necessary. 
Belladonna,  atropin,  and  papaverin  are  the  drugs  most  generally 
employed.  Commonly  we  give  the  tincture  of  belladonna  in  15- 
•15—9 
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minim  doses,  three  times  a  day,  for  two  or  three  days  or  until  the 
patient  shows  its  effects.  The  procedure  should  never  be  omitted 
in  any  case  in  which  the  possible  existence  of  spasm  cannot  abso- 
lutely be  eliminated.  In  rare  instances  spasm  may  persist  in  spite 
of  this  measure,  but  such  cases  are  quite  uncommon. 

Adhesions  from  perigastric  inflammations  may  produce  distor- 
tions and  irregularities  resembling  the  filling  defects  of  cancer. 
The  inflammatory  process  originates  most  commonly  from  perfor- 
ating gastric  ulcer  or  from  pericholecystitis.  A  perforating  gastric 
ulcer  in  the  pars  media  producing  perigastric  adhesion  is  apt  to 
reveal  its  identity  by  a  pocket,  a  niche,  or  an  incisura.  Perforating 
ulcer  in  the  pars  pylorica  may  be  less  characteristic,  but  these  cases 
have  been  quite  rare  in  our  experience. 

Tumors  extrinsic  to  the  stomach  may  deform  its  contour.  Such 
tumors  may  originate  in  the  liver,  spleen,  pancreas,  kidney,  large  or 
small  bowel,  omentum,  mesentery,  or  belly  wall.  As  a  rule,  the 
filling  defect  occasioned  by  their  thrust  into  the  gastric  lumen  is 
quite  smoothly  regular,  the  inequalities  of  the  tumor  being  covered 
by  the  wall  of  the  stomach.  Unless  adherent  to  the  stomach, 
which  is  not  usual,  changes  of  position  of  the  stomach  with  respira- 
tion or  by  palpation  will  alter  the  location  of  the  filling  defect.  In 
these  cases,  also,  the  peristalsis  is  usually  normal,  and  this  fact 
speaks  against  a  tumor  of  the  stomach  itself. 

The  stomach  may  be  eccentrically  distorted  and  displaced  by 
ascites,  ovarian  cysts,  and  other  large  abdominal  tumors,  preg- 
nancy, or  even  by  a  tensely  retracted  abdominal  wall.  Such  condi- 
tions should  be  rather  patent. 

Intrinsic  tumor-masses  produced  by  syphilis  and  benign  neo- 
plasms, as  well  as  varicosities  of  the  gastric  veins,  may  cause  filling 
defects  practically  identical  with  cancer.  These  conditions  are  so 
unusual  that  the  roentgenologist  should  not  be  unduly  alert  for 
them. 

Alteration  of  Pyloric  Function. — In  cancer  the  pyloric  function 
tnay  be  j^erverted  in  either  one  of  two  quite  opposite  ways:  namely, 
either  by  gaping  or  by  obstruction.  The  barium  water  often  flows 
through  a  normal  pylorus,  with  little  or  no  interruption;  but  as 
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soon  as  the  thicker  pap  is  given  the  flow  usually  becomes  scanty  or 
intermittent.  The  gaping  pylorus  of  cancer  is  characterized  by  a 
free  and  continuous  exit  of  both  mixtures  into  the  intestine.  Very 
commonly  the  stream  is  voluminous  and  the  upper  small  bowel  is 
speedily  filled  with  the  opaque  mixture.  The  stomach  may  be 
almost  or  even  completely  emptied  during  the  brief  period  of  exam- 
ination. 

Gaping  of  the  pylorus  results  from  an  interference  with  its 
sphincteric  contraction,  either  by  infiltration  and  stiffening  of  the 
muscular  ring  or  by  an  absence  of  the  pylorus-closing  reflex.  Thus 
it  is  seen  quite  typically  in  scirrhous  cancer  involving  the  pars 
pylorica,  but  it  is  also  found  in  association  with  cancers  of  the  car- 
dia  or  media,  either  scirrhous  or  medullary.  A  free  and  continuous 
flow,  somewhat  similar  to  that  seen  with  the  gaping  pylorus  of  can- 
cer, may  be  found  in  other  conditions,  such  as  duodenal  ulcer,  gall- 
bladder disease  (with  or  without  adhesions),  achylia,  certain  diar- 
rheas, and  sometimes  even  in  chronic  appendicitis.  It  should  be 
said,  however,  that  in  these  conditions  the  flow  is  less  voluminous, 
as  a  rule,  than  that  noted  typically  in  cancer. 

Pyloric  obstruction,  as  evidenced  by  a  six-hour  residue  in  the 
stomach,  occurs  in  about  60  per  cent,  of  gastric  cancers — oftener 
than  with  any  other  lesion.  The  amount  of  residue  varies  with  the 
degree  of  obstruction.  It  is  noteworthy  that  the  lumen  of  the 
pyloric  canal  may  be  considerably  diminished  by  the  intrusion  of 
a  cancer  without  resulting  in  a  six-hour  residue,  for  the  reason  that 
the  lessened  caliber  is  compensated  by  the  lack  of  sphincteric  con- 
trol. Since  numerous  causes  other  than  cancer  may  operate  to 
produce  a  six-hour  gastric  retention,  the  presence  of  a  residue 
should  not  be  given  undue  weight  in  making  the  final  diagnosis, 
but  its  occurrence  should  stimulate  a  careful  search  for  filling  de- 
fects and  other  evidences  of  cancer. 

Peristalsis. — The  perversions  of  peristalsis  resulting  from  gas- 
tric cancer  are  varied.  Absence  of  peristalsis  from  a  cancerous  area 
of  the  gastric  wall  due  to  local  loss  of  muscular  contractility  is  a 
highly  valuable  sign.  In  some  such  instances  a  wave  may  progress 
to  the  affected  site,  skip  it,  and  take  up  its  course  again  beyond,  and 
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this  observation  is  one  test  for  the  genuineness  of  cancerous  filling 
defects.  Weak  peristalsis,  the  waves  being  both  shallow  and  infre- 
quent, is  fairly  common  in  cancer.  Frequently  the  stomach  seems 
to  be  perfectly  inert.  Antiperistalsis  is  occasionally  observed  in 
cancer  with  pyloric  obstruction.  The  antiperistaltic  waves  are  best 
seen  on  the  greater  curvature  in  the  pars  pylorica  and  media.  The 
waves  are  usually  wide  and  shallow,  though  sometimes  deep.  Begin- 
ning at  the  pylorus,  they  sweep  slowly  backward  and  disappear  in 
the  upper  media.  They  may  coexist  with  peristaltic  waves  travel- 
ing in  the  normal  direction.  Exaggerated  peristalsis,  as  a  sequence 
of  cancer  with  pyloric  obstruction,  is  more  rare  than  might  reason- 
ably be  supposed.  When  seen,  the  exaggeration  is  usually  more 
marked  on  the  greater  curvature.  It  may  be  irregular  as  to  the 
depth  and  succession  of  the  waves;  a  fairly  deep  wave  may  be 
closely  followed  by  a  shallow  one,  while  the  next  may  be  normal 
as  to  depth  and  rhythm.  None  of  the  foregoing  perversions  of 
peristalsis  are  peculiar  to  cancer,  and  they  are  merely  indicative  of 
a  pathologic  process. 

Altered  Motility. — Emptying  of  the  cancerous  stomach  may  be 
either  retarded  or  accelerated,  according  to  the  presence  or  absence 
of  pyloric  obstruction.  In  the  non-obstructive  cases  hypermotility 
is  the  rule,  and  is  a  natural  sequence  of  the  achylia  and  gaping 
pylorus.  The  acceleration  of  gastric  clearance  may  be  extreme  and 
the  stomach  evacuate  itself  with  extraordinary  rapidity.  The 
acceleration  is  often  exhibited  not  only  in  a  rapid  and  early  clear- 
ance of  the  stomach,  but  also  in  an  advanced  position  of  the  six- 
hour  meal,  the  head  of  the  barium  column  api)earing  in  the  trans- 
verse colon,  the  splenic  flexure,  the  descending  colon,  or  even  the 
ampulla.  In  the  obstructive  cases,  delayed  clearance  is  shown  by 
the  six-hour  residue.  The  portion  of  the  meal  which  has  passed 
through  into  the  intestine  may  or  may  not  show  retarded  progress. 
It  is  to  be  remembered  that  gastric  motility  may  be  affected  by 
many  things  other  than  cancer.  Hypermotility  of  moderate  degree 
is  a  common  sequence  of  non-obstructive  duodenal  ulcer,  achylia, 
and  diarrheic  conditions.     Hypomotility,  with  or  without  a  six- 
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hour  retention,  may  result  from  any  sort  of  organic  obstruction  at 
the  pylorus  or  near  beyond,  or  from  reflex  pylorospasm. 

Lessened  Mobility. — By  involving  adjacent  structures  a  cancer 
not  infrequently  produces  more  or  less  fixation  of  the  stomach.  The 
attachment  may  be  to  the  abdominal  wall,  or  to  the  liver,  pancreas, 
or  other  viscera.  The  presence  of  fixation  may  sometimes,  but  not 
always,  be  determined  by  palpatory  maneuvers,  depending  upon 
the  position  of  the  stomach,  the  situation  of  the  attachment,  and 
the  degree  of  laxity  of  the  abdominal  wall  and  also  by  observa- 
tion during  forced  respiration.  The  small,  high-lying,  contracted 
stomach,  inaccessible  to  manipulation,  though  it  appears  to  be 
fixed,  is  not  necessarily  so.  On  the  other  hand,  a  stomach  which 
has  a  free  and  flexible  lower  pole  may  seem  to  be  freely  mobile, 
ivhen  there  are  definite  adhesions  on  the  lesser  curvature.  Inas- 
much as  fixation  is  simply  an  indication  of  extragastric  involve- 
ment, it  is  merely  a  contributory  sign  of  cancer.  It  may  be  taken 
into  account  in  estimating  the  possibility  of  resection. 

Lessened  Flexibility, — ^Diminished  flexibility  of  the  cancerous 
gastric  wall  is  a  practicable  and  valuable  sign,  especially  of  scir- 
rhous cancer.  Upon  narrow  palpation  with  a  single  finger  or  with 
the  ulnar  edge  of  the  hand  the  accessible  normal  gastric  wall  will 
show  corresponding  indentation,  whereas  if  stiffened  by  infiltration 
it  will  either  be  disproportionately  indented  or  be  moved  aside  en 
masse.  The  loss  of  pliability  may  also  be  somewhat  evident  by  the 
lack  of  change  of  contour  during  deep  respiration  or  during  varia- 
tions of  abdominal  tension.  Further,  it  may  show  as  a  lack  of  ex- 
pansibility in  the  affected  portion  during  the  process  of  filling  the 
stomach,  the  lumen  of  the  involved  area  being  almost  constant  in 
size  at  all  degrees  of  repletion,  while  the  unaffected  portion  ex- 
pands to  accommodate  the  increased  volume. 

Altered  Size  and  Capacity. — ^A  common  feature  of  the  cancer- 
ous stomach  is  marked  diminution  of  the  capacity  and  apparent 
size.  The  reduction  may  be  the  result  either  of  the  projection  of 
large  fungoid  masses  into  its  lumen  or  the  shrinking  effect  of  scir- 
rhous infiltration.  In  extreme  instances  the  effort  to  accommo- 
date the  ingesta  causes  a  backing  up  of  the  meal  in  the  esophagus, 
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which  latter  may  show  dilatation.  Besides  cancer,  other  causes 
which  may  lessen  the  capacity  of  the  stomach  are  perforating  ulcer, 
with  extensive  perigastritis,  spasm,  and  benign  lesions.  The  upper 
loculus  of  an  hour-glass  stomach  may  be  mistaken  for  a  contracted 
stomach  if  the  presence  of  the  lower  loculus  be  overlooked.  It 
must  also  be  remembered,  on  the  other  hand,  that  an  obstructive 
cancer  at  the  pyloric  end  may  result  in  considerable  dilatation  of 
the  stomach.  A  similar  dilatation  may  be  consequent  upon  other 
obstructive  causes.  It  follows  then  that  neither  large  nor  small 
size  of  the  stomach  is  especially  significant  of  cancer,  but  marked 
variation  in  size  of  the  stomach  is  at  least  suggestive  of  the  presence 
of  a  lesion. 

Displacement, — ^The  predilection  of  cancer  for  the  pyloric  end 
of  the  stomach,  often  with  more  or  less  complete  obliteration  of  the 
distal  portion  of  its  lumen,  results  frequently  in  an  apparent  dis- 
placement of  the  stomach  to  the  left,  since  its  proximal  portion  only 
is  visualized.  Aside  from  this,  however,  there  may  be  actual  dis- 
placement upward  and  to  the  left  in  cases  of  scirrhous  cancer,  and 
the  diminished  organ  may  lie  entirely  up  under  the  shelter  of  the 
left  costal  arch.  Somewhat  similar  displacements  may  occur  as  a 
result  of  perforating  ulcer,  ascites,  tumors  outside  the  stomach,  and 
retraction  of  the  abdominal  wall. 

Pathology 

With  the  microscopic  pathology  of  gastric  cancer  the  roent- 
genologist has  little  concern,  but  the  roentgenologic  appearances 
of  cancer  sometimes  depend  quite  considerably  upon  its  character 
as  affecting  its  form,  location,  and  extent.  Hence,  a  few  state- 
ments concerning  certain  anatomic  varieties  of  cancers  and  their 
gross  aspects  may  assist  in  clarifying  the  description  of  this  lesion, 
as  seen  by  the  roentgen  rays. 

Cancers  of  the  stomach  invariably  originate  in  the  mucous 
layer.  While  they  are  all  basically  epithelial  neoplasms,  they  pre- 
sent numerous  structural  differences.  Disregarding  those  varia- 
tions which  are  here  unimportant,  there  are  three  forms  which  are 
of  chief  interest  from  a  radiologic  standpoint: 
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1.  A  proliferative  form,  almost  wholly  epithelioid  in  composi- 
tion, with  circumscribed  tumor-production.  This  is  the  fungous 
type  with  which  may  be  included,  for  present  convenience,  the 
medullary  (encephaloid),  cauliflower,  and  adenocarcinomas.  It  is 
characterized  by  a  relativ^ely  small  amount  of  interstitial  tissue,  and 
hence  is  soft. 

2.  An  infiltrative  form.  This  is  the  scirrhous  type.  Speaking 
in  a  general  way,  it  infiltrates  the  gastric  wall  with  less  unevenness 
and  less  projection  into  the  cavity  of  the  stomach  than  are  seen  in 
the  fungous  type.  It  is  characterized  by  a  relatively  large  amount 
of  interstitial  tissue,  is  hard,  and  is  more  frequently  associated  with 
ulceration  than  the  other  types.  The  infiltration  may  be  either 
(a)  localized  or  (6)  general. 

(a)  When  localized,  the  pyloric  end  of  the  stomach  or  the  lesser 
curvature  is  the  part  most  commonly  affected,  the  greater  curva- 
ture being  rarely  involved  at  the  beginning. 

(6)  The  general  diffuse  infiltration  involves  a  large  part  or  the 
whole  of  the  stomach,  which  is  thick-walled  and  contracted.  This 
is  regarded  by  many  as  identical  with  the  so-called  "leather-bottle" 
stomach,  or  "diffuse  fibrosis,"  and  is  rather  rarely  seen. 

3.  A  degenerative  form,  the  so-called  "colloid"  or,  more  cor- 
rectly, mucoid  cancer.  In  this  form  the  cells  lose  their  structure 
and  become  merged  into  a  homogeneous  mucoid  mass.  Mucoid 
degeneration  may  occur  in  either  the  fungous  or  scirrhous  type. 

It  will  be  understood  that  the  three  forms  mentioned  do  not 
always  or  necessarily  exist  independently  of  each  other,  that  the 
classification  and  descriptions  are  practical  rather  than  accurate, 
and  that  differentiation  of  these  forms  is  not  always  easy.  Some- 
times these  pathologic  differences  in  gastric  cancers  are  sufficiently 
manifest  in  the  roentgenologic  picture  to  warrant  an  opinion  as 
to  their  probable  nature;  however,  such  an  opinion  should  be 
advanced  with  caution,  and  then  only  in  those  rather  few  cases 
which  are  typical,  for,  in  the  majority  of  cases,  the  roentgenologist 
would  better  be  content  with  a  diagnosis  of  cancer  without  attempt- 
ing to  specify  the  particular  variety. 

Roentgen  Characteristics  of  Fungous  Cancer. — In  a  broad  way 
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the  typical  fungous  (medullary,  encephaloid)  cancer  shows  the 
following: 

1.  A  non-shrinking  effect  upon  the  stomach  as  a  whole.  WTiile 
the  capacity  of  the  stomach  may  be  somewhat  lessened  by  the 
encroachment  of  the  mass  upon  its  lumen,  the  gastric  dimensions 
are  not  otherwise  diminished.  Often  the  hook  form  is  preserved, 
and  this  retention  of  the  hook  form  has  been  suggested  by  Haudek 
as  an  indication  of  resectability. 

2.  Occasional  involvement  of  the  greater  curvature,  especially 
of  the  body  of  the  stomach. 

3.  Sharp  delimitation  of  the  involved  from  the  non-involved 
portion  of  the  gastric  wall. 

4.  Often  large,  multiple,  irregular  filling  defects  projecting  into 
the  gastric  lumen  and  shading  gradually  into  the  central  barium 
shadow,  somewhat  resembling  impressions  upon  paraffin. 

5.  If  at  the  pyloric  end,  this  type  is  likely  to  produce  obstruction. 
Roentgen    Characteristics   of   Scirrhous    Cancer, — ^Typical    ad- 
vanced scirrhous  cancer  may  be  recognized  by: 

1.  Its  marked  shrinking  effect  upon  the  stomach.  The  capac- 
ity of  the  stomach  is  not  merely  lessened  by  a  filling  defect,  but  is 
greatly  diminished  by  the  loss  of  expansibility  due  to  wide-spread 
infiltration  as  well  as  actual  contraction. 

2.  Frequent  involvement  of  the  pyloric  end  and  lesser  curvature. 
Quite  commonly  a  scirrhus  completely  encircles  the  pyloric  end, 
and  the  deformity  thus  produced  gives  the  stomach  some  resem- 
blance to  a  curved  funnel  or  an  Indian  pipe.  The  barium  projects 
into  the  canalized  pyloric  mass  as  a  smooth  or  slightly  irregular 
spicule. 

3.  Gradual  merging  of  involved  into  non-involved  portion  of  the 
gastric  wall.  The  limits  of  the  lesion  are  difficult  or  impossible  to 
determine  radiologically.  The  lesion  is  usually  more  extensive 
than  the  picture  indicates. 

4.  The  filling  defects  of  scirrhous  cancer  are  commonly  less 
grossly  irregular  than  those  of  the  fungous  type. 

5.  This  type  of  cancer,  even  though  involving  the  pars  pylorica, 
is  likely  to  show  a  gaping  pylorus. 
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Mucoid  Cancer, — A  markedly  diminished,  fairly  regular  central 
lumen  surrounded  by  a  thick-walled  tumor  mass  is  sometimes 
seen  in  extensive  mucoid  degeneration,  but  mucoid  change  can 
rarely  even  be  surmised  by  the  radiologic  appearances.  It  gives 
practically  the  same  screen  and  plate  picture  as  the  infiltrative 
form  (scirrhous). 

Carcinomatous  Ulcer, — WTiile  by  far  the  greater  number  of 
gastric  cancers  manifest  themselves  frankly  as  tumors  at  the  time 
the  patients  present  themselves  for  examination,  ulcers  are  found 
occasionally  which  show  microscopic  evidence  of  malignancy.  In 
their  gross  characteristics  and  roentgenologic  appearances  these 
ulcers  are  not  different  from  benign  ulcers.  In  most  instances 
the  crater  of  the  ulcer  is  visualized  as  a  niche  projecting  from  the 
gastric  lumen.  This  may  or  may  not  be  associated  with  hour-glass 
stomach,  an  incisura,  or  six-hour  retention.  The  only  suspicious 
feature  sometimes  shown  by  the  roentgen  rays  is  the  extraordinarily 
large  size  of  the  ulcer  crater.  In  a  few  of  our  own  cases,  in  which 
the  niche  was  3  or  4  cm.  broad,  the  ulcer  was  found  on  microscopic 
examination  to  be  malignant. 

Operability 
In  deciding  the  question  of  operation  in  a  given  case  of 
cancer  the  roentgen  rays  furnish  information  of  high,  often  de- 
cisive, importance.  Primarily,  operability  depends  considerably 
upon  the  skill  of  the  operating  surgeon;  but  aside  from  this,  cer- 
tain radiologic  findings  speak  for  or  against  operation,  whether 
radical  or  palliative.  The  location,  extent,  and  character  of  the 
cancer  are  all  matters  of  fundamental  weight.  Growths  involv- 
ing the  cardia  or  upper  media  are  not  accessible  to  resection, 
while  those  at  the  pyloric  end  or  lower  media  are  often  resectable. 
Obviously,  resectability  depends  also  upon  the  extent  of  involve- 
ment, and  this  can  be  more  nearly  determined  by  the  roentgen 
rays  than  by  any  other  method.  The  actual  extent  of  a  medullary 
cancer  corresponds  closely  to  that  indicated  radiologically.  The 
limits  of  a  scirrhous  cancer  are  much  less  sharply  defined  in  the 
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roentgen  picture,  and  a  liberal  allowance  must  be  made  in  estimat- 
ing the  probable  degree  of  involvement. 

Free  mobility  of  a  cancerous  stomach  is  an  item  favoring  resect- 
ability,  while  marked  fixation  resulting  from  extension  to  adjacent 
structures  makes  successful  intervention  less  probable.  However, 
a  cancer  which  does  not  extensively  involve  the  stomach  or  appear 
to  have  lessened  its  mobility  materially  may  at  operation  be  found 
to  have  invaded  and  be  adherent  to  a  near-lying  organ,  such  as  the 
pancreas,  and  resection  of  the  growth  is  impossible. 

Retention  of  the  hook  form  of  the  stomach,  which  has  been 
advanced  as  an  indication  of  resectability,  is  often  found  in  cases 
that  are  manifestly  inoperable. 

Regarding  metastasis,  a  factor  which  has  always  to  be  con- 
sidered, the  roentgen  examination  can  rarely  give  any  information. 
Extensive  metastasis  in  the  lungs  may  be  observed  casually  during 
the  screen  examination,  or  an  abnormally  large  shadow  of  the  liver 
may  be  a  suspicious  circumstance,  and  these  should  always  be 
looked  for;  but  wide-spread  glandular  metastasis  may  exist  with- 
out detection. 

Years  ago,  Czerny'  pronounced  cases  of  cancer  with  definite 
palpable  tumors  of  the  stomach  to  be  inoperable.  This  is  rather 
extravagant,  since  many  such  cancers  are  resectable,  and  when 
there  is  no  glandular  involvement  or  invasion  of  adjacent  tissue, 
the  chance  for  cure  is  good.  Further,  not  every  palpable  tumor 
is  a  cancer;  the  mass  may  be  a  perforating  ulcer  with  adhesions, 
pancreatic  cyst,  floating  spleen,  or  various  lesions  originating  in 
the  gall-bladder. 

On  the  clinical  side,  the  evidences  of  inoperability  have  been 
summed  up  by  W.  J.  Mayo^  as  follows: 

"  1.  The  cachectic  patient  with  marked  evidence  of  progressive 
gastric  trouble  which  has  lasted  over  a  period  of  a  number  of 
months,  with  a  fixed  tumor  lying  to  the  left.  Such  a  case  would  be 
clearly  hopeless. 

"2.  It  frequently  happens  that  with  cancer  of  any  of  the  ab- 
dominal viscera  there  will  be  an  escape  of  cancer  cells  into  the 
peritoneal  cavity.     These  will  drop,  by  gravity,  to  the  bottom  of 
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the  pelvis  and  become  attached  often  to  the  sigmoid.  The  "feel" 
of  these  various  small  metastases  upon  rectal  examination  is  very 
characteristic.  In  women,  not  infrequently  transplantation  to  the 
ovary  occurs,  setting  up  a  secondary  malignant  cyst.  The  majority 
of  cases  of  malignant  adenocarcinomas  of  both  ovaries  have  such 
origin,  and  women  are  sometimes  unnecessarily  submitted  to  opera- 
tion for  their  removal. 

"3.  The  supraclavicular  fossa,  especially  the  left  side,  should 
be  examined  for  carcinomatous  glands. 

"4.  Cancer  cells  free  in  the  abdominal  cavity  can  be  carried  by 
the  lymphatics  to  the  umbilicus,  forming  a  distinct  mass  like  a 
button.  In  doubtful  cases  I  remove,  under  local  anesthesia,  a  lit- 
tle portion  of  this  "  button  umbilicus  "  for  microscopic  examination. 

"5.  Metastatic  deposits,  giving  rise  to  nodular  tumors  in  the 
liver  or  peritoneal  cavity. 

"6.  Ascitic  accumulations  in  the  abdominal  cavity,  taken  in 
connection  with  the  history  of  the  patient,  have  some  value.  It  is 
necessary  to  eliminate  other  causes  of  ascites — for  example,  the 
heart,  liver,  kidneys,  tuberculous  peritonitis,  etc." 

Roentgenologic  determination  of  the  absence  or  presence  of 
obstruction,  its  site  and  degree,  aids  materially  in  judging  the 
advisability  of  palliative  surgery  and  in  selecting  the  operation, 
whether  gastro-enterostomy,  gastrostomy,  or  jejunostomy.  In  ex- 
pressing any  opinion  as  to  operability,  unless  the  cardia  or  upper 
media  is  definitely  implicated,  or  unless  the  growth  is  extraordi- 
narily extensive,  the  roentgenologist  should  be  chary  of  saying  that 
a  case  is  inoperable,  as  he  may  thus  deprive  the  patient  of  relief  or 
cure  at  the  hands  of  the  surgeon.  In  the  majority  of  instances 
exploration  alone  is  the  final  word,  and  the  patient  should  be  given 
the  benefit  of  the  doubt.  Besides,  there  is  always  at  least  a  remote 
chance  that  the  most  confident  diagnosis  may  be  wrong. 

Early  Cancer 
The  term  "latent  cancer"  is  sometimes  applied  to    cancers 
which   give  rise  to  few  or  no   symptoms  or  signs   and   which 
cannot   be  diagnosed  clinically.     Since  "latent"  also  carries  the 
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sense  of  quiescence  or  dormancy,  a  condition  which  has  not  been 
proved  as  regards  gastric  cancer,  the  adjective  "early"  is  perhaps 
preferable. 

Admitting  that  the  only  cure  for  cancer  is  early  opera- 
tion, early  diagnosis  is  a  matter  of  prime  importance.  Admitting 
also  that  there  are  no  definite  clinical  findings  in  early  cancer,  the 
statement  is  warranted  that  next  to  the  exploring  finger  of  a  trained 
surgeon,  roentgen  rays  will  reveal  more  cancers  in  the  early  stages 
than  will  any  other  diagnostic  means.  Hence  every  patient  of 
cancer  age  with  indefinite  gastric  symptoms  should  be  subjected  to 
a  roentgen  examination.  But  how  early  can  cancer  of  the  stomach 
be  detected?    That  depends  upon: 

1.  The  character  of  the  cancer,  whether  a  frank  tumor,  an  insi- 
dious infiltration,  or  a  cancerous  ulcer. 

2.  Its  situation. 

3.  The  examiner's  familiarity  with  the  work. 

4.  The  amount  of  roentgenologic  evidence,  together  with  the 
extent  of  clinical  corroboration. 

Cancer  which  begins  candidly  as  a  tumor  projecting  into  the 
gastric  lumen  is  susceptible  of  quite  early  recognition  by  reason  of 
the  fiUing  defect  which  it  produces.  The  test  of  this  sign  is  its  per- 
manence, not  its  size,  and  we  have  been  fortunate  enough  to  find 
one  which  was  not  larger  than  a  cherry.  The  discovery  of  even 
smaller  ones  is  no  doubt  possible.  A  stealthy  infiltrative  cancer  of 
the  fibrous  or  scirrhous  type  may  invade  the  gastric  wall  without 
producing  a  recognizable  filling  defect.  In  this  event  peristalsis 
should  be  notably  absent  from  the  involved  area,  and  a  local  loss 
of  flexibility  may  be  evident  upon  palpation.  When  these  signs 
alone  exist,  they  should  be  interpreted  with  caution;  but  in  con- 
junction with  a  gaping  pylorus,  achylia,  and  clinical  indices,  they 
may  warrant  a  surgical  exploration. 

Carcinomatous  ulcers  for  the  most  part  show  the  same  roentgen- 
ologic signs  as  simple  ulcers.  However,  as  stated,  ulcers  with  exces- 
sively large  craters  are  open  to  the  suspicion  of  being  cancerous. 

The  situation  of  a  small  cancer  makes  a  decided  difference  in  the 
chance  of  its  demonstration.    On  either  curvature  of  the  pars  media 
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or  pars  pylorica,  filling  defects,  even  though  small,  can  usually  be 
visualized  on  the  screen  or  plate,  or  both;  but  such  defects  on 
the  anterior  or  posterior  wall  might  evade  observation  even  in  the 
oblique  view.  Trifling  defects  in  the  region  of  the  gas-bubble  are 
also  apt  to  be  overlooked.  The  percentage  of  cancers  in  the  pars 
cardiaea  is,  however,  small. 

The  experience  of  the  examiner  and  his  ability  to  see  and  inter- 
pret slight  departures  from  the  normal  have  some  importance  in 
the  diagnosis  of  early  cancers.  The  novice  would  better  limit  his 
diagnoses  to  those  cases  in  which  he  can  demonstrate  a  permanent 
filling  defect,  and  which  are  at  least  suspicious  clinically.  These 
features  will  be  found  in  the  vast  majority  of  patients  with 
gastric  cancer  who  seek  medical  aid. 

Patients  with  early  cancer  near  the  pyloric  ring  producing  ob- 
struction are  more  likely  to  come  into  the  hands  of  the  roentgenol- 
ogist than  patients  with  early  cancer  beginning  elsewhere  in  the 
stomach.  A  six-hour  retention,  evidencing  obstruction,  may  be 
the  only  abnormality  of  which  the  observer  feels  sure.  In  other 
cases  there  may  be  slight  but  permanent  irregularity  of  the  prepy- 
loric contour,  with  or  without  obstruction,  in  which  one  can  only 
say  with  certainty  that  a  lesion  of  some  sort  is  present.  While  it  is 
highly  important  that  gastric  cancers  be  discovered  at  the  earliest 
possible  moment,  it  is  also  highly  important  that  the  diagnosis  shall 
be  well  founded,  and  where  the  roentgen  findings  plus  the  cUnical 
features  of  the  case  do  not  quite  justify  operative  intervention,  the 
patient  should  be  reexamined  at  short  intervals  until  a  decision  is 
reached.  The  adminstration  of  belladonna  to  eliminate  the  possi- 
bility of  spasm  in  doubtful  cases  is  particularly  advisable. 

Interpreting  the  Signs  of  Cancer 
The  roentgen  indications  of  gastric  cancer  vary  markedly 
in  degree  and  in  their  combinations  with  each  other,  as  will 
be  seen  in  the  case  reports  herewith  appended.  The  cases 
with  which  the  roentgenologist  has  to  deal  thus  range  all 
the  way  from  those  which  are  plainly  cancer  to  those  which 
are    highly    doubtful.     Often    he    can    only  be  positive  that  a 
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pathologic  condition  exists.  In  every  case  he  should  be  ac- 
quainted with  the  salient  clinical  facts,  which  should  at  least  grossly 
correspond  to  his  own  findings.  If  they  do  not  agree,  he  ought  to 
confirm  his  observations  by  repeated  examinations. 

Case  97,408. — Man,  aged  forty-three  years.  He  had  attacks 
of  indigestion  five  years  prior  to  examination,  with  slight  pyrosis  and 
vomiting,  which  ceased  after  medical  treatment.  For  five  weeks  he 
had  been  having  spells  of  sharp  epigastric  pain,  relieved  by  rest  and 


Fig.  46. 


aggravated  by  exercise.  No  loss  of  weight.  Hemoglobin,  89. 
Total  acids,  86;  free  HCl,  62;  combined,  14;  no  food  remnants. 
Roentgen  findings:  Small  prepyloric  filling  defect.  Retention  of 
half  the  six-hour  meal.  Active  peristalsis  (Fig.  46).  Diagnosis: 
Lesion  at  the  pylorus.  Operation:  Resection  four  inches  of  stomach 
(Billroth  No.  1) ;  early  cancer  on  pyloric  ulcer.  Pathologist's  report: 
Ulcer,  early  cancer. 

It  will  be  noted  in  the  patient's  history  that  the  symptoms  com- 
plained of  were  indefinite  and  not  especially  indicative  of  cancer. 
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Such  an  early  lesion  could  hardly  have  been  discovered  except  by 
roentgen  rays  or  by  exploration.  This  is  a  typical  early  case,  in 
which  good  results  can  be  expected  from  operation. 

Case  90,713. — Man,  aged  sixty-seven  years.  Four  months 
ago  the  symptoms  began,  with  belching  and  regurgitation  of  sour, 
foul-smelling  water  a  half  to  one  hour  after  meals.     There  was 
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Fig.  47. 


sticking,  heavy,  left  epigastric  pain  soon  after  eating.  Loss  of 
weight,  15  to  20  pounds.  Total  acids,  56;  free  HCl,  42;  combined, 
14;  food  remnants;  blood.  Epigastric  resistance  and  tenderness, 
but  no  mass  palpable.  Roentgen  finding:  Small  filling  defect,  py- 
loric end.  No  palpable  mass  corresponding  to  defect.  Retention 
of  three-fourths  of  the  six-hour  meal.  Somach  large,  showing 
irregular,  vigorous  peristalsis  (Figs.  47  and  48).     Fig.  48  shows 
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Fig.  48. 


Fig.  49. 
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the  retention  after  six  hours.  Diagnosis:  Carcinoma,  pyloric  end. 
Operation:  Cancer  in  the  pyloric  end  of  stomach,  ulcer  type,  with 
marked  obstruction.  Adherent  to  pancreas.  Extensive  glandular 
involvement.  Resection  of  one-half  of  the  stomach  (Mikulicz- 
Hartmann-Billroth  No.  2).  Pathologisfs  report:  Cancer.  Photo- 
graphs of  gross  specimen  shown  in  Fig.  49. 

While  this  is  a  fairly  early  case  roentgenologically,  as  shown  by 
the  limited  involvement  of  the  stomach,  the  surgical  findings  prove 
that  even  small  cancers  of  the  stomach  are  not  always  favorable 


Fig.  50. 


for  resection,  because  of  extension  to  adjacent  tissues  and  glandular 
involvement. 

Case  122,965. — Man,  aged  thirty-six  years.  This  patient 
had  had  indigestion  off  and  on  for  ten  years.  Onset  of  present 
trouble  two  months  ago.  Distress,  gas,  and  nausea  three  or  four 
hours  after  taking  food,  with  regurgitation  of  acid  ^d  mucus. 
Loss  of  weight,  8  pounds.  Movable  ridge  at  right  epigastrium. 
Total  acids,  40;  free  HCl,  0;  combined,  40;  food  remnants,  2; 
blood,  yeasts,  sarcinse.     Roentgen  findings:  Large  stomach,  con- 
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taining  three-fourths  of  the  six-hour  meal.  Filling  defect  in  the 
pars  pylorica  corresponding  to  a  palpable  mass  (Fig.  50).  Diagnosis: 
Cancer,  operable  so  far  as  the  extent  of  the  involvement  of  the 
stomach  is  concerned.  Operation:  Resection  of  two-thirds  of  the 
stomach  (Mikulicz-Hartmann-Polya).  Cancer,  pyloric  end.  Palh- 
ologisCs  report:  Cancer  with  glandular  involvement. 

This  patient  had  slight  gastric  disturbance  for  ten  years,  as 
stated  above,  and  had  been  seen  repeatedly  by  competent  gastro- 
enterologists,  one  of  whom  sent  him  to  Europe  for  a  vacation  trip. 
Another  sent  him  to  Florida  last  winter.  He  had  had  roentgen 
examination  by  one  or  two  inexperienced  men,  who  were  also  prac- 
tising internal  medicine.  The  case  was  not  recognized  as  cancer 
until  a  tumor  developed.  A  careful  roentgen  examination  should 
have  shown  the  condition  earlier  and  at  a  time  more  favorable  for 
operation. 

Case  123,461. — Woman,  aged  fifty-one  years.  For  five  years 
before  coming  for  examination  this  patient  had  had  intermittent 
attacks  of  epigastric  pain  two  hours  after  taking  food,  lasting 
weeks  or  months,  with  intermissions  of  two  to  six  months.  For 
five  months  she  has  been  vomiting  whenever  she  ate  a  little  more 
than  usual,  and  during  the  past  two  months  she  has  had  epigastric 
pain  immediately  after  taking  food,  and  at  other  times.  Loss  of 
weight,  28  pounds  in  five  months.  Small,  movable,  tender  mass  in 
epigastrium.  Hemoglobin,  85.  Total  acids,  20,  all  combined. 
Roentgen  findings:  Extensive  filling  defect  involving  both  curva- 
tures, extending  well  up  into  cardia,  corresponding  to  palpable 
mass.  No  six-hour  retention.  Gaping  pylorus  (Fig.  51).  Diagnosis: 
Inoperable  cancer.     No  operation. 

If  this  patient  had  been  examined  by  roentgen  rays  only  a  few 
months  earlier,  there  is  little  doubt  that  a  diagnosis  could  have  been 
made  when  surgery  could  offer  some  hope  of  cure. 

Case  86,914. — Man,  aged  sixty-one  years.  From  the  age  of 
eighteen  to  forty-two  he  had  attacks  lasting  three  to  five  weeks  once 
a  year,  of  epigastric  pain  an  hour  or  two  after  taking  food,  with  sour 
regurgitation,  etc.  One  month  ago  he  had  an  attack  of  pain  with 
vomiting,  followed  by  fermentation  and  distress.  Five  days  later 
at  his  home  exploratory  operation  showed  tumor  of  the  stomach, 
which  was  not  removed.  Loss  of  weight,  26  pounds.  Total  acids, 
54;  free  HCl,  4;  combined,  50.  Large,  movable  ridge  in  epigas- 
trium. Roentgen  findings:  Stomach  small,  with  marked  filling 
defect  in  the  pars  media  and  pars  pylorica,  corresponding  to  a  pal- 
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pable  mass.  Retention  of  half  the  six-hour  meal.  Stomach  some- 
what fixed  (Fig.  52).  Diagnosis:  Cancer.  Exploration:  Cancer  of 
the  pyloric  end  of  the  stomach;  inoperable.  Pathologist's  report: 
Tissue  removed,  cancer. 

This  case  shows  how  impossible  it  is  to  accomplish  anything  by 
surgery  when  such  an  advanced  stage  of  the  disease  has  been 
reached.  The  roentgen  rays  were  not  at  all  necessary  for  a  diag- 
nosis in  this  case,  but  showed  the  extent  of  involvement  and  its 


Fig.  51. 


inoperability.  Only  by  competent  routine  roentgen  examination 
of  every  person  beyond  cancer  age  with  gastric  symptoms,  no  mat- 
ter how  trivial,  can  the  number  of  cases  like  the  above  be  dimin- 
ished. 

Case  117,798. — Woman,  aged  sixty-six  years.  In  the  past 
five  years  this  patient  has  had  many  attacks  of  grinding  pain  in  the 
right  abdomen,  coming  suddenly  and  lasting  from  a  few  to  twelve 
hours.  For  four  months  she  has  had  daily  distress  and  sour  vomit- 
ing soon  after  meals.  Loss  of  weight,  30  pounds.  Hemoglobin, 
85.     Total  acids,  24;  free  HCl,  16;  combined,  8.     Roentgen  find- 
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ings:  Prepyloric  narrowing.  Retention  of  half  the  six-hour  meal. 
Active  peristalsis.  Some  irregularity  and  thinning  of  barium 
shadow  along  the  greater  curvature  in  the  pars  media,  due  to  gas  in 
the  colon  (Fig.  53).  The  case  was  regarded  as  suspicious  for  a  pre- 
pyloric lesion.  A  reray  after  belladonna  was  requested,  and  this 
examination  showed  a  stomach  normal  in  contour  and  without 
retention.  Operation:  Cholecystectomy;  appendectomy.  Chole- 
cystitis with  multiple  papillomas;  chronic  appendicitis.  Paiholo- 
giM^s  report:  Chronic  cholecystitis  with  multiple  papillomas. 
Chronic  appendicitis. 


Fig.  52. 

This  case  illustrates  the  necessity  of  caution  on  the  part  of  the 
radiographer.  The  prepyloric  deformity  and  six-hour  retention 
were  due  to  gastrospasm  as  a  reflex  from  the  disease  of  the  gall- 
bladder. This  sort  of  gastrospasm  is  of  quite  common  occurrence, 
and  extreme  care  is  necessary  in  differentiating  it  from  an  actual 
lesion  of  the  stomach.  The  active  peristalsis  in  this  instance  rather 
suggested  spasm  and  negated  cancer. 

Case  102,013. — Woman,  aged  sixty-nine  years.  Two  years 
ago  this  patient  began  to  have  discomfort  after  meals.    A  year  later 
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she  noticed  a  lump  in  the  epigastri  um  which  has  increased  steadily 
in  size.  During  the  past  eight  months  occasionally  she  has  been 
nauseated  and  vomited  when  hungry.  Loss  of  weight,  45  pounds. 
Hemoglobin,  85.  Total  acids,  6,  all  combined.  Oblong  mass  in 
epigastrium.  Roentgen  findings:  Small  stomach  without  visible 
peristalsis.  No  retention.  Lessened  flexibility.  Slight  fixation. 
Lumen  narrowed  without  marked  irregularity  of  contour  (Fig.  54). 


Fig.  5S. 


Diagnosis:  Cancer.  Exploration:  Inoperable  tumor  involving  the 
entire  stomach  (leather-bottle  stomach).  Some  glandular  thicken- 
ing, but  no  metastasis. 

Case  124,629. — Man,  aged  forty-four  years.  Eight  months 
ago  he  began  to  have  epigastric  pain,  coming  a  half-hour  to  one 
hour  after  meals.  The  pain  continued  until  about  six  weeks  ago; 
since  then  he  has  felt  well,  but  worries  over  loss  in  weight  (15 
pounds) .     A  firm  tumor  could  be  palpated  to  the  left  of  the  umbili- 
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cus,  indefinite  in  outline,  moving  with  respiration,  and  visibly 
modified  in  shape,  evidently  by  peristalsis.  Total  acids,  66;  free 
HCl,  60;  combined,  6.  Roentgen  findings:  Extensive  filling  defects 
in  the  pars  media  and  pars  pylorica.  No  retention  from  the  six- 
hour  meal  (Fig.  55),  Operation:  Resection  of  three-fourths  of  the 
stomach  (Mikulicz-Hartmann-Polya).  Cancer,  two  large  masses 
projecting  from  the  posterior  wall.  Pathologist's  report:  Cancer; 
no  glandular  involvement  found. 


Fig.  54. 

Case  119,622. — Woman,  aged  sixty  years.  For  several  years 
the  patient  has  had,  every  five  or  six  months,  attacks  of  nausea  and 
vomiting,  without  pain,  lasting  about  a  week.  A  similar  attack 
began  one  month  ago,  at  first  without  relation  to  food-taking,  but 
during  the  past  two  weeks  occurring  a  half  to  three  hours  after 
meals.  No  particular  pain,  but  some  epigastric  soreness  and  burn- 
ing. Loss  (rf  weight,  38  pounds  in  two  years;  mostly  in  the  past 
two  months.  Hemoglobin,  76  per  cent.  Ridge  in  the  left  epigas- 
trium palpable  on  deep  inspiration.  Roentgen  findings:  Ver>'  large 
niche  on  lesser  curvature.  Retention  of  half  the  six-hour  meal 
(Fig.  56).   Diagnosis:  Cancerous  ulcer.    (The  opinion  as  to  malig- 
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nancy  was  based  upon  the  unusually  large  size  of  the  niche.)     No 
operation. 

Case  106,071. — Woman,  aged  fifty -five  years.  For  twenty 
years  she  has  had  attacks  of  severe  epigastric,  cramp-like  pain, 
coming  as  often  as  every  two  weeks,  lasting  one  or  two  hours,  and 
without  relation  to  food.  For  six  months  attacks  have  been  more 
frequent;  recently  twice  a  day.    Morphin  for  relief  has  been  given. 


Fig.  55. 


Vomiting  of  dark  greenish  fluid.  Small,  tender  mass  in  the 
right  costal  margin.  Loss  of  weight,  25  pounds.  Hemoglobin,  85. 
Total  acids,  40;  free  HCl,  28;  combined,  12.  Roentgen  findings: 
Two  examinations  were  made.  The  first  showed  marked  irregu- 
larity of  the  pyloric  end,  without  retention.  The  second  exami- 
nation, after  giving  belladonna,  showed  practically  the  same 
condition  (Fig.  57).  Diagnosis:  "Prepyloric  irregularity;  possible 
lesion;  may  be  reflex."     Operation:  Cholecystectomy.  Empyema 
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of    gall-bladder  with  stones.      Pathologisfs  report:  Cholecystitis. 
Cholelithiasis. 

The  cautious  diagnosis  in  this  instance  was  due  to  the  fact  that 
the  patient  had  an  excellent  history  of  gall-bladder  trouble.  The 
patient  at  the  second  examination  showed  no  physiologic  effects 
from  the  belladonna,  and  it  was  felt  that  spasm  could  still  not  be 
wholly  excluded.  Further,  an  organic  lesion  of  the  stomach 
producing  such  prepyloric  irregularity  would  probably  also  have 


Fig.  56. 


resulted  in  a  six-hour  retention,  antiperistalsis,  palpable  tumor,  or 
other  corroborative  indi(fation. 

Case  106,124. — Man,  aged  seventy  years.  Intermittent 
diarrhea  for  six  months,  with  three  to  six  bowel  movements  daily. 
Occasional  day  or  two  of  relief.  Much  sour  belching.  On  rigid 
diet  five  months,  with  40  pounds  loss  of  weight.  Occasional  pain 
in  the  lower  abdomen  or  stomach.  Hemoglobin,  75.  Total  acids, 
14,  all  combined.    Stool  report:  No  parasites.    Proctoscopic  nega- 
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Fig.  57. 


Fig.  58. 
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tive.  Roentgen  findings:  Filling  defect  in  the  pars  pylorica.  No 
six-hour  retention  (Fig.  58).  Diagnosis:  Cancer.  Operation: 
Cholecystectomy.  Large  septic  gall-bladder,  with  stones.  Marked 
thickening  of  pyloric  ring  by  spasm.  Paikologisfs  report:  Chronic 
catarrhal  cholecystitis.     Cholelithiasis. 

Because  of  the  patient's  age  and  weakness  the  examination  was 
effected  with  considerable  diflSculty .  The  findings,  however,  seemed 
quite  definite,  and  the  possibility  of  spasm  was  not  considered. 
The  clinicians  in  charge  of  the  case  had  considered  it  disease  of  the 


Fig.  50. 


gall-bladder,  but  uix)n  the  strength  of  the  roentgen-ray  findings 
changed  their  diagnosis.  The  case  is  another  illustration  of  the 
deceptiveness  of  gastrospasm. 

Case  120,996.  —  Man,  aged  fifty  years.  Two  or  three 
months  ago  he  began  to  have  intermittent  attacks  of  dull  epigastric 
pain  one  hour  before  meals,  lasting  three  or  four  days,  with  remis- 
sions of  four  or  five  days.  Food  relief.  Some  pyrosis,  pallor. 
Slight  edema  of  feet  and  legs  for  three  or  four  weeks.  No  distinct 
loss  of  weight.     Mass,  right  hypochondrium.     Total  acids,  10;  free 
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HCl,  0;  combined,  10;  blood  and  mucus.  Hemoglobin,  40, 
Roentgen  findings:  Plates  made  with  the  patient  standing  show 
small  defect  on  the  greater  curvature  in  the  pars  media,  while  those 
made  prone  show  two  large  central  defects;  with  some  irregularity 
and  thinning  of  both  curvatures.  No  retention  from  the  six-hour 
meal  (Fig.  59) .  Diagnosis:  Cancer.  Operative  findings:  Anterior 
gastro-enterostomy;  stomach  opened;  base  of  tumors  clamped. 
Four  cancerous  papillomas  growing  from  the  mucosa  of  the  stom- 
ach, varying  in  size  from  that  of  a  filbert  to  that  of  a  lemon.  Pathol- 
ogisVs  report:  Multiple  papillomas;  areas  of  cancer. 
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GASTROJEJUNAL     ULCERS— THEIR     ROENT- 
GENOLOGIC AND  SURGICAL  ASPECTS  * 
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Gastro-enterostomy  for  a  definite  lesion,  such  as  gastric  or  duo- 
denal ulcer,  is  followed  exceptionally,  after  a  variable  period  of 
relief,  by  a  recurrence  of  symptoms.  These  symptoms  are  unre- 
lieved by  medication,  and  are  often  similar  to  those  produced  by 
the  original  lesion.  Without  discussing  other  possible  causes,  we 
w^ish  to  emphasize  the  fact  that  occasionally  the  disappointing 
result  is  due  to  the  development  of  another  ulcer  in  the  \acinity  of 
the  gastro-enterostomy.  These  ulcers  have  been  variously  des- 
cribed as  gastrojejunal  and  jejunal  ulcers,  and  it  is  quite  probable 
that  cases  of  jejunal  ulcer  have  been  reported  which  were  essentially 
gastrojejunal,  and  vice  versa.  Thus  in  reviewing  the  literature  one 
is  confronted  with  considerable  difficulty  in  selecting  cases  of  un- 
doubted gastrojejunal  ulcer. 

Paterson*  was  one  of  the  first  to  draw  attention  to  these  ulcers, 
and  his  comprehensive  article  refers  to  51  other  cases  collected  from 
the  literature  up  to  that  time,  14  of  which  were  apparently  true 
gastrojejunal  ulcers.  Other  cases  have  been  reported  by  W.  J. 
Mayo,2  Moynihan  and  Tatlow,^  Mayo-Robson,*  and  Soresi.^ 
From  the  records  of  our  Clinic  we  have  been  able  to  collect  13  cases 
not  hitherto  reported.  The  salient  facts  of  these  are  shown  in 
Tables  I  and  II. 

A  study  of  this  group  of  13  cases  does  not  enable  us  to  state  any 
symptoms  or  group  of  symptoms,  or  any  physical  findings  which 

*  Read  before  the  Section  on  Surgery,  General  and  Abdominal,  at  the  Sixty- 
sixth  Annual  Session  of  the  American  Medical  Association,  San  Francisco,  June, 
1915.    Reprinted  from  the  Jour.  Amer.  Med.  Assoc.,  July  17, 1915,  Lev,  2^7-23^. 
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could  be  considered  pathognomonic  of  these  secondary  ulcers. 
However,  it  is  rather  suggestive  of  a  gastrojejunal  ulcer  if  the 
patient  complains  of  pain,  of  the  same  character,  relationship  to 
meals,  and  severity,  as  in  the  pre\nous  trouble,  though  in  a  different 
situation — usually  to  the  left  of  the  midline  and  below  the  umbilicus. 

Assistance  from  the  roentgen  ray  might  reasonably  be  expected 
in  the  diagnosis  of  this  condition,  although,  so  far  as  we  are  able  to 
learn,  gastrojejunal  ulcer  has  received  little  attention  from  the 
roentgenologic  point  of  view.  Mathieu  and  Savignac*  note  that, 
in  cases  of  jejunal  ulcer  perforating  the  colon,  the  roentgen  rays 
will  show  direct  passage  of  bismuth  into  the  colon.  They  state 
further  that  the  colon  may  be  narrowed  by  adhesions  in  the  vicinity 
of  the  fistula,  and  the  small  intestine  may  be  dilated  in  all  or  in 
parts  of  its  length.  These  conditions  are  also  susceptible  of  dem- 
onstration by  roentgenoscopy.  Their  remarks  seem  to  be  based 
largely  on  some  cases  reported  by  Lion  and  Moreau,^  who  collected 
five  cases  of  jejunocolic  fistula,  including  two  of  their  own.  One  of 
these  was  examined  with  the  roentgen  ray  by  Beclere. 

Moynihan  and  Tatlow's'  case  of  gastrojejunal  ulcer  was  rayed 
by  Row^den,  but  his  report  was  non-committal.  Barsony*  reports 
a  case  of  gastrojejunal  ulcer  in  which  the  roentgen  ray  showed  a 
pocket  at  the  line  of  anastomosis  the  size  of  a  kroner.  Some  five 
hours  later  the  pocket  was  still  filled  with  bismuth  after  the  stom- 
ach was  empty.  Barsony  lays  strong  emphasis  on  the  persistence  of 
bismuth  in  the  ulcer  cavity  as  being  characteristic.  But,  excepting 
one  of  the  cases  hereinafter  reported  (see  Fig.  66),  we  have  not  noted 
any  roentgenologic  evidence  of  a  cavity  resembling  the  niche  of 
penetrating  gastric  ulcer  or  the  accessory  p)Ocket  of  perforating 
ulcer.  The  nature  of  the  ulcer  rather  precludes  any  probability  of 
visualizing  its  crater  as  a  niche;  for  the  reason  that  the  ulcer  is  most 
often  characterized  by  surface  area  rather  than  depth,  like  many  of 
the  saddle-ulcers  of  the  lesser  curvature. 

Nevertheless,  nearly  all  the  cases  in  our  series  showed  abnormal- 
ities not  customarily  seen  in  the  gastro-enterostomized  stomach. 
After  gastro-enterostomy  the  following  conditions  are  found  nor- 
mally: 
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1.  The  opaque  meal  passes  freely  through  the  stoma.  This  is 
the  rule,  subject  to  occasional  exceptions,  even  after  the  lapse  of 
years. 

2.  No  retention  is  present  in  the  stomach  from  the  six-hour 
meal. 

3.  The  duodenum  is  not  dilated. 

4.  The  stomach  is  usually  small. 

5.  Peristalsis  is  not  overactive. 

6.  The  gastric  contour  in  the  vicinity  of  the  stoma  is  not  usually 
deformed,  save  for  a  slight  dimpling  at  that  point  occasionally. 

7.  The  efferent  limb  of  the  jejunum  is  neither  narrowed  nor 
markedly  irregular  in  outline. 

8.  Extensive  adhesions  about  the  stoma  simply  as  a  result  of 
operation  are  uncommon,  and  the  stomach  is  at  least  moderately 
mobile. 

9.  The  stomach  is  not  deformed  (unless  by  the  original  lesion  or 
its  resection)  and  has  no  tendency  to  hour-glass  form  or  spasticity. 

Eleven  of  our  13  patients  were  subjected  to  roentgenoscopy, 
with  the  following  results: 

Case  12,869. — First  operation  August  1,  1908;  posterior 
gastro-enterostomy  for  perforating  duodenal  ulcer.  Roentgenos- 
copy, June  6,  1913,  showed  the  gastro-enterostomy  moderately 
patent.  A  filling  defect  was  noted  in  the  greater  curvature,  pars 
media,  at  the  site  of  the  stoma.  There  was  no  retention  from  the 
six-hour  meal.  The  stomach  was  of  average  size  and  peristalsis 
was  normal.  No  barium  was  seen  passing  pylorus  at  the  time  of 
the  examination. 

Case  69,645. — First  operation  October  10,  1912;  posterior 
gastro-enterostomy  for  calloused  duodenal  ulcer.  Roentgenos- 
copy, June  14, 1913,  showed  the  gastro-enterostomy  patent  but  not 
freely  so.  Some  irregularity  of  the  stoma  was  not  well  shown  in  the 
plate.  The  stomach  was  slightly  larger  than  the  average  gastro- 
enterostomized  stomach;  it  was  freely  mobile,  showing  normal 
peristalsis.  The  duodenal  bulb  was  irregular;  the  pylorus  was 
free  (Fig.  60). 

Case  76,684. — First  operation  December  5,  1912;  posterior 
gastro-enterostomy  for  perforating  duodenal  ulcer.    Roentgenos- 
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copy,  October  5,  1913,  showed  no  retention  from  the  six-hour  meal. 
The  stomach  was  larger  than  the  average;  its  mobility  was  les- 
sened. There  was  hyperperistalsis.  The  gastro-enterostomy  was 
not  freely  patent.  A  marked  filling  defect  was  present  on  the 
greater  curvature  about  the  stoma.  Barium  in  considerable  quan- 
tity could  be  pressed  through  pylorus.     The  bulb  was  irregular. 

Case    81,306. — First    operation    March   24,    1913;    posterior 
gastro-enterostomy  for  large  posterior  duodenal  ulcer  with  contact 


Fig.  60. — Case  69,645.    Some  irregularity  of  stoma  at  a,  with  narrowing  of  jejunum,  h. 


ulcer.  Roentgenoscopy,  February  5,  1914,  showed  the  stomach 
quite  large  and  mobile.  Peristalsis  was  vigorous.  There  was  no 
six-hour  retention.     The  gastro-enterostomy  was  patent. 

Case  115,553. — First  operation  in  1906;  anterior  gastro- 
enterostomy for  duodenal  ulcer  and  hour-glass  stomach.  First 
roentgenoscopy  September  21, 1914,  showed  retention  of  one-fourth 
the  six-hour  meal  and  a  large  hour-glass  stomach.  A  niche  ap- 
peared on  the  lesser  curvature.   There  was  hyperperistalsis.   The 
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pylorus  was  very  patent.  The  gastro-enterostomy  was  only  mod- 
erately patent,  with  a  slight  irregularity  about  the  stoma  and 
narrowing  of  the  efferent  jejunum  (Fig.  61). 

A  second  operation  was  done  September  26,  1914,  for  gastric 
and  gastrojejunal  ulcer,  with  excision  of  the  gastrojejunal  ulcer; 
posterior  gastro-enterostomy. 

A  second  roentgenoscopy,  March  11,  1915,  showed  retention  of 


V\g.  61. — C««ie  115.553.     (Prior  to  second  operation.)     Slight  irreffularity  of  stomH.  a,  which  is  not 
freely  patent;  niche  of  gastric  ulcer  on  lesser  curvature  at  h;  nour-glass  constriction  at  c. 


half  the  six-hour  meal,  the  residue  being  between  the  stoma  and  the 
pylorus.  Notwithstanding  this  retention,  after  filling  the  stomach 
the  gastro-enterostomy  seemed  patent.  Some  irregularity  was 
noted  about  the  stoma.  There  was  an  hour-glass  stomach.  Hyper- 
peristalsis  and  a  niche  on  lesser  curvature  were  observed  (Fig.  62). 
A  third  operation  was  done  March  18, 1915,  for  gastrojejunal  ulcer. 

Case  83,614. — First  operation  May   14,  1913;    anterior  g;as- 
tro-enterostomy  for  perforating  duodenal  ulcer.     Roentgenoscopy, 
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October  13, 1914,  showed  the  gastro-enterostomy  functionating  and 
marked  spasticity  of  the  stomach. 

Case  98,939. — First  operation  February'  10,  1914;  posterior 
gastro-enterostomy  for  obstructing  duodenal  ulcer.  Roentgenos- 
copy, January  16,  1914,  showed  no  retention;  a  stomach  of  moder- 
ate size  with  diminished  mobility,  and  a  patent  gastro-enterostomy. 
A  marked  filhng  defect  was  noted  on  greater  cur\'ature  about  the 
stoma;  also  an  irregularity  of  the  first  inch  of  the  jejunum  (Fig.  63). 


Fig.  6i. — Cas«  115,553.     (Prior  to  third  operation.)     Some  irregularity  of  stoma  and  jejunum  at  a; 
niche  of  gastric  ulcer  on  lesser  cur\'ature  at  6;   hour-glass  constriction  at  c. 


Case  50,276. — First  operation  elsewhere  in  November,  1911; 
posterior  gastro-enterostomy  for  duodenal  ulcer.  Roentgenoscopy, 
February  5,  1915,  showed  a  large  stomach  with  retention  of  one- 
fourth  of  the  meal  after  six  hours.  Peristalsis  was  active;  gastro- 
enterostomy not  freely  patent;  pylorus  free.  The  plates  show- 
some  irregularity  about  the  stoma.  The  duodenum  was  dilated, 
the  jejunum  narrowed. 
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Fig.  «3. — Case  98,039.     Deformity  about  stoma  at  a  and  first  inch  of  jejunum  at  b. 


Fif    04. — Case  101,624.    Slight  irregularity  about  stoma  at  a:   narrowing  of  first  inch  of  efferent 

jejunum,  b. 
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Case  101,624. — First  operation  March  9,  1914;  posterior 
gastro-enterostomy  for  chronic  perforating  duodenal  ulcer.  Roent- 
genoscopy, April  27,  1915,  showed  no  retention,  the  gastro-enteros- 
tomy very  high  on  the  stomach,  and  functionating  moderately. 
The  pylorus  was  quite  free,  the  stomach  of  medium  size  and  mobile, 
with  active  peristalsis.  There  was  a  slight  irregularity  of  the 
greater  curvature  about  the  stoma.  The  jejunum  was  narrowed 
(Fig.  64). 

Case  96,667. — First  operation  December  12,  1913;  poster- 
ior gastro-enterostomy  for  perforating  duodenal  ulcer.     Roent- 


Fig.  65. — Case  06,667.     Larf^  stomach  with  deformity  of  Htoma  at  a:   narrowing  of  jejunum  at  hi 
note  hyperperistaUis;   peristaltic  waves  at  c. 

genoscopy,  December  6,  1913,  showed  retention  of  half  the  six-hour 
meal.  There  was  hyperperistalsis.  The  gastro-enterostomy  was 
not  freely  patent;  the  stoma  was  irregular,  the  jejunum  narrowed, 
the  stomach  large,  the  duodenal  bulb  irregular.  The  pylorus  was 
free  (Fig.  65), 

Case  131,378. — First  operation,  elsewhere,  February  6,  1915; 
posterior    gastro-enterostomy    for   reasons    not    known.     Roent- 
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genoscopy,  May  24,  1915,  showed  a  small  gastro-enterostomized 
stoDiach  with  gastro-enterostomy  functionating.  There  was  no 
six-hour  retention. 

As  will  be  noted,  all  the  cases  examined  by  the  roentgen  ray 
were  of  the  non-fistulous  type,  yet  all  but  two  showed  distinct 
roentgenologic  signs  of  secondary  pathology.  These  manifesta- 
tions included  deformity  about  the  stoma,  narrowing  and  deformity 
of  the  jejunum,  diminished  patency  of  the  stoma,  dilatation  of  the 
stomach,  retention  from  the  six-hour  meal,  hyperperistalsis,  dilata- 
tion of  the  duodenum,  and  spasticity  of  the  stomach.  All  these 
roentgenologic  phenomena  are  in  consonance  with  the  pathology 
of  the  condition  as  found  at  operation.     Recapitulating,  we  note: 

Deformity  of  contour  about  stoma 8  cases 

Exaggerated  peristalsis 6  cases 

Large  stomach 5  cases 

Gastro-enterostomy  not  freely  patent 5  cases 

Retention  from  six-hour  meal 3  cases 

Lessened  mobility  of  stomach 2  cases 

Irregularity  of  jejunal  contour  near  stoma 5  cases 

Dilatation  of  duodenum 1  case 

Spasticity  of  stomach 1  case 

The  elicitation  of  these  signs  is  favored  by  certain  technical 
minutiae,  the  details  of  which  may  be  of  service  to  others  engaged  in 
this  work.  As  to  the  opaque  salt,  whether  barium  or  bismuth,  the 
vehicle,  whether  fermented  milk,  corn-starch-pap,  etc.,  the  propor- 
tions of  the  mixture,  and  the  total  quantity  given,  each  examiner 
has  his  preference.  These  matters  are  of  importance  only  as  affect- 
ing the  functional  behavior  of  the  stomach,  and  it  is  merely  neces- 
sary that  comparisons  be  made  always  upon  that  basis  with  which 
the  examiner  is  familiar.  One  part  of  the  routine  which  we  insist 
upon  for  our  own  examinations  is  the  employment  of  a  six-hour 
meal*  as  a  test  of  gastric  motility.  This  meal  consists  of  four 
ounces  of  cooked  breakfast  cereal  mixed  with  two  ounces  of  barium 
sulphate,  and  a  little  sugar  and  milk  is  permitted  to  be  added  if 
desired.  It  is  given  on  a  fasting  stomach,  and  the  patient  is  re- 
quired to  abstain  from  food  until  the  examination,  six  hours  later. 
During  the  screen  examination,  two  ounces  of  barium  sulphate  in 
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eight  ounces  of  water  is  given,  followed  by  about  three  ounces  of 
barium  sulphate  in  twelve  ounces  of  corri-starch-pi4>. 

In  every  examination  of  the  digestive  tract,  both  roentgenos- 
copy and  roentgenography  should  be  employed.  They  should  not 
be  regarded  as  independent  competitive  methods,  but  as  comple- 
mentary parts  of  one  method,  for  exclusive  reliance  upon  either 
alone  is  likely  to  result  in  overlooking  some  important  feature  of  a 
case.  Roentgenoscopy  is  particularly  necessary  in  examinations 
for  gastrojejunal  ulcer. 

Deformity  about  the  stoma  in  cases  of  posterior  gastro-enteros- 
tomy  is  often  not  readily  visible.  If  the  point  of  anastomosis  is 
well  up  on  the  vertical  position  of  the  stomach,  an  oblique  view  may 
show  it,  but  it  is  much  more  commonly  on  the  horizontal  portion  of 
the  stomach.  Here  an  oblique  view  is  of  little  service,  and  we  have 
often  found  it  advantageous  to  lift  up  the  overhanging  lower  border 
of  the  stomach  by  palpation  and  thus  expose  the  anastomosis. 
While  the  point  of  attachment  normally  shows  a  little  dimpling  of 
the  greater  curvature,  it  is  not  markedly  irregular.  On  the  other 
hand,  in  many  cases  of  gastrojejunal  ulcer  we  have  noted  rather 
striking  deformity  about  the  stoma.  In  cases  of  high  anterior  or 
posterior  gastro-enterostomy  the  lateral  view  may  be  of  value. 
Gastrojejunal  ulcer  following  an  anterior  gastro-enterostomy  fre- 
quently produces  a  palpable  mass  which  corresponds  to  the  visible 
irregularity  and  filling  defect  about  the  stoma.  This  finding  is 
almost  pathognomonic.  Since  the  gastro-enterostomy  is  often  in 
the  median  line«  pressure  against  the  spine  may  deform  this  region 
and  the  examiner  should  be  careful  in  his  interpretation  of  plate 
findings.  In  making  plates  with  the  patient  standing,  he  should  be 
cautioned  not  to  press  the  abdomen  too  tightly  against  the  cassette. 
In  the  prone  position  his  chest  and  hips  should  be  supported  by 
cushions,  or  a  table  with  a  deep  fenestrum  for  the  plate  should  be 
used.  However,  if  the  distortion  about  the  stoma  is  suflSciently 
marked  and  identical  on  all  plates,  the  observer  may  feel  safe  in 
saying  that  is  abnormal. 

Narrowing  and  deformity  of  the  jejunum  was  observed  in  nearly 
half  the  cases  of  gastrojejunal  ulcer.     It  involved  the  efferent  limb 
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near  the  stoma  (Fig.  64).     This,  also,  should  be  definite  and  con- 
stant at  the  screen  inspection  and  on  all  plates. 

The  signs  of  diminished  patency  of  the  stoma  are  both  direct 
and  indirect.  Directly,  the  examiner  can  note  the  lessened  amount 
of  barium  passing  out,  in  contrast  to  the  normal  copious  exit.  If 
the  flow  is  scant  or  wanting  in  spite  of  manual  pressure  of  the  gas- 
tric contents  toward  the  stoma,  it  is  reasonably  certain  that  the 
opening  is  not  free.     While  this  finding  is  strongly  indicative  of 


Fir.  66. — Stomach  of  average  siie.  Small  six-hour  residue  about  stoma.  Marked  deformity  of 
stoma  and  efferent  jejunum.  A.  Pocketing  of  jejunum  at  B.  Stomach  not  freely  mobile.  Peristalsis 
normal.     Pylorus  moderately  fiatent. 

gastrojejunal  ulcer,  it  is  not  absolutely  so,  since  I  have  recently 
noted  a  case  in  which  narrowing  was  found  at  operation  but  without 
any  evidence  of  ulcer.  However,  in  this  instance  there  was  no 
deformity  of  the  stoma  itself,  a  sign  which  is  really  necessary  for 
diagnosis.  Indirectly,  obstruction  may  be  manifested  by  a  reten- 
tion from  the  six-hour  meal,  or  by  the  large  size  of  the  stomach. 
Hyperperistalsis  or  dilatation  of  the  duodenum  and  afferent  limb  of 
the  jejunum  may  also  be  in  evidence.  Of  these  signs,  the  six-hour 
retention  is  most  important.     Occurring  in  a  gastro-enterostomized 
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stomach,  it  is  highly  significant  of  obstructed  drainage.  In  most  of 
the  cases  of  retention  in  association  with  gastro jejunal  ulcer,  the 
residue  was  between  the  stoma  and  pylorus.  In  one  case  the 
barium  rest  was  in  the  immediate  neighborhood  of  the  stoma,  as 
though  held  in  a  small  pouch.  This  proved  to  be  a  gross  ulcer  with 
a  pocket  of  considerable  size  in  the  jejunum,  being  exaggerated  by 
adhesions.  The  usual  gastro-enterostomized  stomach,  even  though 
large  before  operation,  tends  to  contract  to  normal  or  even  smaller 


Fig.  67. — Rather  small  stomach.     Filling  defect  pars  media,  greater  curvature  about  stoma  at  A.    Ir- 
regularity and  pocketing  of  jejunum,  due  mostly  to  adhesions,  at  B.    No  six-hour  retention. 


dimensions.  If,  then,  it  does  not  show  diminution  is  size,  but 
is  still  large,  interference  with  its  emptying  may  be  suspected. 
Another  common  sequence  of  obstruction  is  an  exaggeration  of 
peristalsis.  An  increase  in  the  vigor  and  number  of  the  waves  may 
also  result  from  other  causes,  so  that  this  sign  is  merely  indicative 
of  some  abnormal  condition.  Dilatation  of  the  duodenum  was 
observed  in  one  of  our  eleven  cases,  and  this  may  or  may  not  have 
been  due  to  obstruction  in  the  vicinity  of  the  stoma. 

Lessened  mobility  of  the  stomach  was  noted  in  two  instances, 
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and  was  the  result  of  extensive  adhesions  about  the  stoma.  But 
this  is  a  sign  of  which  the  observer  can  rarely  be  certain,  especially 
when  dealing  with  a  posterior  gastro-enterostomy.  By  palpation, 
changing  the  position  of  the  patient,  and  requiring  him  to  breathe 
deeply,  fixation  at  the  point  of  anastomosis  can  sometimes  be  fairly 
determined. 

Spasticity  of  the  stomach,  as  seen  in  one  case,  cannot  be  con- 
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Fig.  63. — Stitch  attached  in  gastrojejunal  ulcer  with  end  hanging  in  jeiunum.    Note  the  scar  tissae 
behind  the  ulcer  causing  permanent  thickness  and  adhesions. 


sidered  very  significant  except  as  a  minor  indication  of  reflex  irri- 
tation. 

In  translating  the  observation  of  these  signs  into  a  diagnostic 
opinion  the  examiner  should  be  fully  acquainted  with  the  entire 
history  of  the  case,  the  nature  of  the  primary  lesion,  and  the  charac- 
ter and  extent  of  surgical  intervention.  The  roentgen  phenomena 
fall  into  two  groups:  those  broadly  denoting  an  abnormal  condi- 
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tion,  and  those  pointing  directly  to  the  seat  of  trouble.  Six-hour 
retention,  hyperperistalsis,  large  size  of  the  stomach,  dilatation  of 
the  duodenum,  and  spasticity  of  the  stomach  are  included  in  the 
first  group.  They  may  be  noted  singly  or  in  varying  combinations. 
The  second  group,  namely,  deformity  about  the  stoma,  narrowing 
of  the  jejunum,  scant  flow  of  barium  through  the  gastro-enteros- 
tomy  opening,  and  fixation  of  the  stomach  at  the  site  of  anastomo- 
sis, all  point  to  the  latter  as  the  pathologic  focus,  and  here  gastro- 
jejunal  ulcer  is  by  far  the  commoner  active  lesion.    In  a  stom- 


Fig.  69.— Small  ulcer,  about  1  cm.  in  diameter,  around  the  suture;  a  locates  the  puckering  of  the  healed 
mucosa:   b  is  the  ulcer,  near  the  center  of  which  is  the  suture. 

ach  resected  for  cancer,  similar  signs  might  result  from  a  recurrence 
of  the  growth  at  the  point  of  gastro-enterostomy.  The  history 
should  make  distinction  easy. 

The  gross  pathologic  picture  in  our  own  cases  and  in  those  re- 
ported in  the  literature  is  more  or  less  constant.  The  ulcers  we 
have  observed  were  of  considerable  size,  from  1  to  3  cm.  in  diame- 
ter. They  actually  involved  the  anastomosis,  with  a  tendency 
to  spread  to  greater  extent  on  the  jejunal  than  on  the  gastric  side. 
Common  to  all  and  most  striking  is  an  associated  marked  indura- 
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tion  of  the  entire  line  of  anastomosis  with  firm  adhesions  to  sur- 
rounding structures.  This  in  three  of  the  cases  produced  a  pal- 
pable mass,  especially  prominent  in  the  anterior  gastro-enteros- 
tomy  cases.  Subacute  perforation  has  been  the  rule,  and  in  one 
case  produced  a  fistula  between  the  stomach  and  transverse  colon. 

Of  greatest  interest  in  the  findings  has  been  the  discovery  of 
strands  of  unabsorbed  permanent  suture  material  in  6  of  the  13 
cases  (Figs.  68  and  69).  This  retained  suture  material  must  have 
constituted  an  important  etiologic  factor.  The  condition  has  been 
reported  by  other  observers.  So  far  as  can  be  determined.  Berg*' 
reported  the  first  case  of  retained  suture  material  following  gastro- 
enterostomy. The  patient  had  had  an  anterior  gastrojejunostomy 
in  1895  for  pyloric  stenosis.  In  1898  Berg  reoperated  by  the  Roux 
method,  and  the  tissue  removed  showed  a  gastrojejunal  ulcer  in 
which  was  a  coil  of  retained  silk  suture. 

Regardless  of  whatever  associated  conditions  may  exist  which 
predispose  to  the  formation  of  these  ulcers,  we  must  accept  the 
retained  unabsorbable  suture  as  of  immediate  importance.  In  the 
Mayo  Clinic  as  a  means  of  prevention  the  technic  for  gastro-enter- 
ostomy  has  been  modified  to  the  extent  that — (1)  A  few  interrupted 
sutures  of  fine  silk  are  used  as  stay-sutures  for  the  serosa,  and  (^) 
running  sutures  of  chromic  catgut  are  used  for  all  other  purposes. 
Strangulation  of  tissue  by  sutures  is  avoided  in  these  cases,  the 
mucosa  is  carefully  coaptated,  accurate  hemostasis  is  sought, 
trauma  avoided,  and  a  sufficiently  large  opening,  suitably  placed, 
is  made. 

There  is  no  one  surgical  procedure  which  can  be  adopted  as  an 
operative  measure  in  the  treatment  of  all  gastrojejunal  ulcers.  The 
difficulties  which  the  individual  case  presents  are  usually  depen- 
dent on  marked  induration  and  inflammatory  changes  surrounding 
the  anastomosis.  In  the  presence  of  this  induration  and  infection 
plastic  operations  on  the  anastomosis  with  removal  of  the  ulcer  are 
associated  with  corresponding  technical  difficulties.  Nevertheless, 
this  is  the  general  indication  and  proves  itself  to  be  the  method  of 
choice  in  the  majority  of  cases.  In  some  it  has  been  possible  and 
advisable  to  excise  the  anastomosis,  close  the  openings  in  the  stom- 
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ach  and  jejunum,  and  do  a  pyloroplasty,  an  operation,  however, 
which  also  prevents  difficulties  on  account  of  the  scar  tissue  which 
always  exists  in  the  neighborhood  of  the  original  ulcer. 

Transgastric  excision  may  be  satisfactory  in  an  occasional  case, 
Moynihan  reporting  a  good  result  from  this  method  in  one  instance. 

The  general  plan,  therefore,  in  the  light  of  our  present  informa- 
tion, is  to  expose  the  line  of  anastomosis  by  either  a  transgastric  or 
transjejunal  incision,  search  for  retained  suture  and  for  the  ulcer, 
remove  both,  the  latter  either  by  itself  or  with  the  entire  anasto- 
mosis. If  the  anastomosis  is  constricted  and  enlargement  pos- 
sible and  safe,  such  treatment  is  satisfactory;  if,  however,  much 
induration  and  infection  exist,  excision  of  the  anastomosis,  closure 
of  openings,  and  gastroduodenostomy  are  indicated. 

It  is  to  be  expected  that  an  operation  which  has  developed 
such  wide-spread  and  warranted  popularity  as  gastro-enterostomy 
should  occasionally  be  associated  with  results  which  are  not  satis- 
factory; yet  the  comparatively  low  percentage  of  patients  who  are 
not  relieved  of  their  symptoms  by  gastro-enterostomy  should  not 
deter  us  from  investigating  the  causes  of  these  few  failures  and 
attempting  still  further  improvement  in  their  diagnosis  and  pre- 
vention. 
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THE  ESSENTIAL  FACTORS  IN  THE  DIAGNOSIS 
OF  CHRONIC  GASTRIC  AND  DUODENAL 
ULCERS  * 

GEORGE    B.    EUSTERMAN 


This  review  is  undertaken  to  emphasize  proved  clinical  factors 
and  briefly  to  consider  various  phases  of  experimental,  clinical,  and 
therapeutic  advancement  in  their  application  to  the  diagnosis  of 
benign,  chronic  gastric  and  duodenal  ulcers.  Our  observations  are 
based  on  the  study  of  2400  cases  of  gastric  and  duodenal  ulcers 
operatively  demonstrated  in  the  Mayo  Clinic  from  1900  to  1914, 
inclusive,  with  an  especial  summary  of  the  cases  of  1913  and  1914. 

Diagnosis 
A  skilful  anamnesis,  in  the  absence  of  extensive  clinical  observa- 
tions or  direct  roentgenologic  evidence  of  a  lesion,  is  still  the  most 
important  factor  in  the  differential  diagnosis  of  lesions  causing  gas- 
tric disturbance.  With  regard  to  ulcer,  characteristic  chronicity 
or  remission  of  symptoms  is  readily  apparent  in  the  case  records  in 
over  80  per  cent,  of  all  our  proved  cases.  The  principles  empha- 
sized by  Graham*  since  his  earliest  observations  are  as  effective 
today  as  then,  and  are  the  accepted  diagnostic  criteria  in  a  large 
daily  experience.  Pyloric  and  duodenal  ulcers  in  which  complica- 
tions are  not  far  advanced  invariably  manifest  periodic  exacerba- 
tions. Seasonal  variations,  especially  of  spring  and  fall,  appear  in 
almost  40  per  cent,  of  all  cases.  Nervous  and  physical  fatigue, 
infection  and  exposure,  dietetic  indiscretions,  toxic  intestinal  dis- 
turbance, etc.,  are  prominent  factors  influencing  recurrences.     Be- 

*  Read  before  the  Section  on  Practice  of  Medicine  at  the  Sixty-sixth  Annual 
Session  of  the  American  Medical  Association,  San  Francisco,  June,  1915.  Reprinted 
from  Jour.  Amer.  Med.  Assoc.,  1915,  Ixv,  1500-1503. 
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tween  seizures  complete  relief  from  symptoms  is  the  rule,  although 
frequently  in  ulcers  situated  well  up  along  the  lesser  curvature 
remission  rather  than  periods  of  complete  relief  may  occur.  In 
general  the  greater  number  of  these  patients  have  had  symptoms 
for  from  five  to  twenty  years,  in  our  experience,  few  less  than  one, 
and  a  constant  average  of  twelve  and  one-half  years.  During  the 
period  of  attack,  pain  or  distress,  variable  in  character  and  inten- 
sity, is  the  common  and  constant  symptom  in  nearly  all  cases. 

Of  secondary  diagnostic  significance  are  the  location,  type,  and 
area  of  radiation  of  the  pain.  The  time  of  pain  and  method  of  its 
control  are  of  primary  importance.  The  complex  of  chronicity  and 
periodicity  of  attacks  in  which  pain  or  distress  and  the  usual  associ- 
ation of  symptoms  repeated  uniformly  day  by  day  during  the  attack 
and  bearing  a  fairly  definite  relation  to  food  intake  and  control  are  of 
primar>'  clinical  importance  in  the  diagnosis  of  80  per  cent,  of  cases 
of  uncomplicated  peptic  ulcer.  In  the  remaining  20  per  cent,  this 
complex  may  be  irregular,  atypical,  or  almost  entirely  absent;  or 
the  symptoms  may  be  "mixed,"  owing  to  coincidence  of  disease  in 
contiguous  organs,  which  occurs  in  about  16  per  cent,  of  all  cases  of 
ulcer.  It  is  this  group  which  often  taxes  the  resources  of  the  clin- 
ician, but  errors  in  diagnosis  do  not  easily  occur  if  the  possibilities 
are  constantly  borne  in  mind,  especially:  (1)  In  cases  in  which  a 
perforative  process  or  a  painful  spasm  simulates  hepatic  colic;  (2) 
in  cases  in  which  ulcers  had  become  chronic  and  complicated  when 
the  first  symptoms  appeared;  and  (3)  in  cases  suggesting  a  malig- 
nant process,  the  result  of  an  extensive  ulcer,  hemorrhage,  cachexia, 
and  perhaps  a  palpable  inflammatory  mass. 

Clinical  differentiation  between  gastric  and  duodenal  ulcer  is 
extremely  difficult  and  in  most  instances  well-nigh  impossible. 
This  has  been  the  opinion  of  most  observers.  With  great  regu- 
larity late  pain  and  the  nature  of  hemorrhage  in  proved  gastric 
ulcer  may  suggest  duodenal  lesion.  Then,  too,  not  infrequently 
the  earlier  onset  of  pain  in  some  cases  of  duodenal  ulcer  suggests 
gastric  lesion.  In  about  5  per  cent,  of  all  ulcers  coincident  lesions 
in  the  stomach  and  duodenum  are  boted,  an  incidence  which  in- 
creases our  difficulties.     In  our  experience  and  in  that  of  many 
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other  observers  the  roentgen  ray  is  of  inestimable  value.  In  this 
field  it  has  its  most  practicable  application,  besides  occasionally 
furnishing  the  first  reliable  evidence  to  indicate  the  presence  of 
ulcer;  but  too  great  reliance  must  not  be  placed  on  this;  for,  valu- 
able as  may  be  the  information  afforded  by  the  roentgen  exam- 
ination, it  has  its  limitations.  The  degree  of  demonstrability  of 
gastric  ulcer  is  directly  concerned  with  three  factors :  that  is,  posi- 
tion, size,  and  depth  of  the  ulcer.  The  direct  sign  of  irregularity  of 
the  gastric  contour  (niche,  accessory  pocket)  may  be  wanting  in 
instances  in  which  the  ulcer  is  situated  on  the  anterior  wall,  high 
up  in  the  cardia,  and  when  it  involves  the  pyloric  segment;  should 
it  be  shallow,  "slit-like,"  it  may  not  be  successfully  demonstrated.' 
Indirect  and  auxiliary  signs,  however,  in  combination  with  clinical 
data,  may  be  helpful  in  establishing  the  diagnosis.  The  strikingly 
frequent  occurrence  of  bulb  deformity  or  hyperperistalsis  with 
residue  in  duodenal  ulcer  is  worthy  of  note  from  both  the  point  of 
diagnosis  and  localization. 

The  continuous  or  intermittent  presence  of  altered  or  fresh 
blood  in  the  gastric  extract,  the  absence  of  evidence  pointing  to 
gross  motor  disturbances,  and  the  situation  of  pain  and  tender 
point  to  the  left  of  the  median  line  are  strong  presumptive  evidence 
of  gastric  ulcer.  Clinically,  this  general  observation  can  be  made: 
Uncomplicated  types  of  duodenal  and  pyloric  ulcer  are  invariably 
clear-cut  throughout  their  life  history;  the  longer  the  period  be- 
tween intake  and  pain,  the  lower  the  ulcer,  as  a  rule;  the  more 
prompt  the  onset  and  the  briefer  the  duration  of  pain,  the  higher 
the  ulcer.  In  ulcer  of  the  stomach  proper  this  may  not  be  so  clear- 
cut  as  in  duodenal  or  pyloric  types,  nor  are  the  day-by-day  symp- 
toms so  clearly  defined.  In  ulcers  well  above  the  pylorus  the  symp- 
toms are  likely  to  be  continuous,  or  remissions  rather  than  intervals 
of  complete  relief  are  likely  to  be  noted.  The  pain  is  not  so  often 
relieved  by  food;  small  amounts  of  food  may  give  relief,  while 
increased  amounts  may  cause  distress;  more  care  as  to  diet  is 
necessary;  if  bleeding  occurs,  hematemesis  predominates;  vom- 
iting plays  a  more  frequent  rdle,  even  in  the  absence  of  obstruction, 
and  affords  relief;  soda  relieves  pain  when  food  does  not;  pain 
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begins  earlier,  as  a  rule,  often  disappearing  before  the  next  meal, 
for  obvious  reasons,  in  the  absence  of  stasis  or  marked  hypersecre- 
tion. Thus  the  food-relief  is  minimized;  but  pain  from  one-half 
hour  to  two  hours  after  food  is  quite  the  rule  and  is  of  diagnostic 
significance.  Too  much  clinical  significance  cannot  be  placed  on 
reliable  evidence  of  gross  hemorrhage  in  the  presence  of  other  symp- 
toms characteristic  of  ulcer.  This  complication,  however,  occurs 
in  only  about  35  per  cent,  of  all  chronic  gastric  and  duodenal  ulcers. 
The  association  of  hemorrhage  with  the  ulcer-complex  makes  for 
safe  diagnosis  of  ulcer  in  95  per  cent,  of  all  cases.  In  5  per  cent,  of 
all  ulcers  there  is  a  silent  bleeding  type  in  which  blood  is  regularly 
found  in  the  stools,  but  more  or  less  complete  absence  of  other  usual 
clinical  symptoms  of  pain,  hyperacidity,  and  food  ease.  Benign 
ulcer,  unlike  cancer,  bleeds  intermittently.  Positive  analysis  of 
occult  blood  in  the  stool  on  limited  examination  was  present  in 
about  25  per  cent,  only  of  the  cases  studied.  Hemorrhage  has  been 
noted  in  2  per  cent,  of  all  cases  of  chronic  appendicitis  associated 
with  marked  gastric  disturbance,  while  it  is  as  high  as  5  per  cent,  in 
chronic  cholecystitis  associated  with  the  gastric  reflex.  In  these 
cases  the  hemorrhage  is  probably  due  to  primary  follicular  ulcer- 
ation of  the  gastric  or  duodenal  mucous  membrane.  More  exten- 
sive observations  on  the  frequency  of  occult  blood,  of  general  blood 
morphology  and  its  diagnostic  significance  in  ulcer,  are  now  under 
way  and  will  be  the  subject  of  future  consideration. 

Briefly  stated,  in  those  organic  conditions  which  most  frequently 
cloud  the  diagnosis — chronic  cholecystitis  and  cholelithiasis,  chronic 
appendicitis,  etc. — we  obtain  our  greatest  diagnostic  aid  from  the 
irregularity  of  symptoms  during  the  period  of  attack.  This  irreg- 
ularity is  chiefly  concerned  with  the  time  of  appearance  of  pain  and 
the  influence  of  food.  Nothing  follows  in  sequence  day  by  day, 
perhaps  due  to  the  fact  that  the  stomach  behaves  properly  unless 
irritated  by  the  contiguous  lesion,  and  this  extrinsic  lesion  is  irreg- 
ular in  its  influence.  Judging  from  our  case-records,  chronic 
catarrhal  or  "strawberry"  cholecystitis  very  perfectly  and  most 
frequently  simulates  the  ulcer-complex.  The  features  of  chron- 
icity  and  "spells"  (of  invariably  briefer  duration,  however)  with 
'15—14 
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characteristic  pain,  hyperacidity,  and  flatulency  having  some  food 
relation,  the  absence  of  colic,  icterus  and  localizing  signs  are  not 
uncommon.  In  order  to  lessen  diagnostic  error,  daily  clinical 
observation,  repeated  gastric  analyses  under  variable  circumstances, 
examination  of  the  feces  and,  finally,  the  therapeutic  management 
based  on  the  well-known  principles  laid  down  by  Sippy*  may  be 
necessary.  It  is  unnecessary  to  comment  on  the  importance  of 
having  in  mind  and  recognizing  these  types  of  chronic  painful 
dyspepsia  most  frequently  having  their  origin  in  these  extragastric 
lesions.  Of  considerable  moment,  too,  is  the  frequency  of  lesions 
coexistent  in  the  gastroduodenal,  biliary,  pancreatic,  or  appendi- 
ceal systems,  in  which  disturbances  engendered  by  one  may  over- 
shadow or  make  irregular  the  symptomatology  of  the  other  so  that 
to  the  conceits  of  surgery  must  be  left  too  frequently  the  ultimate 
diagnosis. 

Test-meal  analysis  so  essential  to  gastric  diagnosis  has  also  its 
limitations.  In  the  absence  of  definite  evidence  of  blood  stasis, 
hyi)ersecretion  in  the  fasting  contents,  cardiac  obstruction,  etc., 
the  findings  are  of  value  in  so  far  as  they  are  correlated  with  the 
clinical  and  roentgenologic  data.  They  constitute  a  link,  often  a 
decisive  one,  in  the  chain  of  evidence.  The  instances  of  normal  or 
subnormal  acid  value  in  the  presence  of  a  peptic  ulcer  occur  in 
about  20  per  cent,  of  all  cases;  on  the  other  hand,  hyperacidity  and 
hypersecretion,  even  stasis  of  the  first  degree,  are  only  too  fre- 
quently associated  with  functional  states,  ptosis,  and  extragastric 
lesions.  These  conditions  would  soon  lead  to  diagnostic  confusion 
if  too  much  dependence  were  placed  on  a  single  or  even  a  repeated 
gastric  analysis.  Again,  on  account  of  purely  physical  conditions  a 
considerable  residue  may  be  overlooked  as  shown  by  the  contribu- 
tion of  Harmer  and  Dodd.*  This  disadvantage  can  be  largely  over- 
come by  the  use  of  a  lavage  tube  of  proper  consistence,  calibration 
and  ample  fenestration,  such  as  is  now  in  common  use.  The  re- 
searches of  Rehfuss^  and  his  associates  have  made  us  revise  our 
estimate  of  the  normal  contents  of  the  fasting  stomach.  In  selected 
cases  the  fractional  study  of  gastric  digestion  by  means  of 
Rehfuss*  tube  and  methods  has  proved  to  be  of  practical  diag- 
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nostic  value.  Hyperacidity  is  the  rule  in  60  per  cent,  of  cases  of 
gastric  ulcer  and  hypersecretion,  also  in  ulcers  at  or  near  the 
pylorus.  These  features,  singly  or  combined,  are  noted  in  75  per 
cent,  of  all  duodenal  ulcers.  A  considerable  hypersecretion  of  200 
c.c.  or  more,  likewise  the  recovery  of  retention  contents  of  our 
modified  Riegel  meal  after  from  twelve  to  fourteen  hours,  invari- 
ably argues  for  a  lesion  or  organic  stenosis,  especially  if  the  findings 
are  constant.  The  determination  of  gastric  motility  is  of  diagnos- 
tic importance  second  only  to  secretory  function  or  disturbance  and 
for  obvious  reasons  the  former  is  of  especial  interest  to  roentgen- 
ologists. 

Carman  and  Miller*  conclude  that  their  bariumized  carbohy- 
drate-meal method  is  a  more  sensitive  test  for  gastric  motility  than 
the  modified  Riegel  meal  as  commonly  used  in  our  clinic;  that  the 
modified  Haudek  double-meal  method  is  more  informative  than 
tubing  after  a  motor-meal  test,  since  the  former  not  only  shows 
delay  of  evacuation  beyond  six  hours,  but  also  yields  information  as 
to  hypermotile  conditions.  Their  conclusions  are  based  on  a  com- 
parison of  results  of  both  examinations  in  950  patients  who  came  to 
operation.  The  lesions  were  as  follows:  appendix,  125;  gall-blad- 
der, 311;  gastric  ulcer,  109;  gastric  cancer,  137;  duodenal  ulcer, 
268.  Of  these  patients,  220  (23.1  per  cent.)  showed  a  six-hour 
barium  residue;  131  (13.7  per  cent.)  had  food  remnants  after  four- 
teen hours  or  longer.  The  majority  (209,  or  90.4  per  cent.)  of  the 
220  patients  showing  a  barium  retention  were  found  to  have  cancer 
or  gastric  or  duodenal  ulcer.  They  further  conclude  that  a  dis- 
tinct residue  after  six  hours  from  the  barium  meal  given  under 
prescribed  conditions  was  in  90  per  cent,  of  instances  indicative  of 
grave  pathology,  and  usually  denoted  obstruction  at  or  near  the 
pylorus. 

From  personal  observation  we  may  concede  a  more  sensitive  test 
for  motility  in  this  method,  especially  in  case  of  intermittent  or 
low-grade  retention  dependent  on  pylorospasm,  incomplete  sten- 
osis, and  on  lesions  of  the  accessory  digestive  system.  One  may 
add  that  the  comparison  of  results  between  the  two  methods  is 
hardly  fair,  principally  because  of  difference  in  the  time  element 
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and  other  features  which  must  be  taken  into  consideration.  The 
motor  meal,  under  proper  circumstances,  will  continue  to  be  a 
most  practicable  index  of  gastric  motility — a  fact  conceded  by 
eminent  roentgenologists  and  emphasized  by  clinicians  following 
observations  made  from  the  results  of  both  methods.  By  the  latter 
method  one  has  the  additional  advantage  of  being  able  at  the  same 
time  to  estimate  the  secretory  function  of  the  stomach. 

Statistical  Study 

Exclusive  of  those  cases  in  which  a  consistent  diagnosis  of  gas- 
tric or  duodenal  ulcer  was  made  and  medically  treated,  there  were 
1078  cases  operatively  demonstrated  during  the  years  1913  and 
1914.  Of  these,  264  were  gastric  and  814  were  duodenal.  Coexis- 
tent lesions  in  both  organs  w^ere  noted  in  44  (4  per  cent.).  The 
average  ratio  of  gastric  to  duodenal  ulcers  is  well  shown  in  this 
series,  about  1  to  3,  that  is,  75  per  cent,  of  the  ulcers  were  duodenal. 
Of  the  264  cases  of  gastric  ulcer,  171  occurred  in  males  and  93  in 
females.  The  average  ages  were  47  and  44.5  years,  respectively. 
The  average  duration  of  symptoms  was  9.8  years.  In  about  80  per 
cent,  the  course  was  intermittent,  free  intervals  alternating  with 
"spells"  of  variable  duration,  regular  (40  per  cent.)  or  irregular 
(49.5  per  cent.)  in  frequency.  In  50  per  cent,  the  complaint  was 
continuous  and  progressive  over  periods  of  from  several  months  to 
several  years  prior  to  operation.  Irrespective  of  the  situation  of 
the  ulcer,  pain  appeared  within  four  hours  after  meals  in  85  per 
cent,  of  the  cases;  in  over  30  per  cent,  it  was  present  within  two 
hours;  in  55  per  cent,  within  three  hours,  regarded  as  constant  in 
3.8  per  cent,  and  irregular  in  3.4  per  cent.  Definite  nocturnal  pain 
occurred  in  only  6  cases,  or  2  per  cent.  Pain  was  controlled  by 
food  or  alkalis,  or  both,  in  180  cases.  The  majority  of  these  (84  per 
cent.)  showed  relief  after  food,  while  alkalis  alone  gave  relief  in  15.6 
per  cent.  There  was  a  fairly  definite  history  of  bleeding  (hemat- 
emesis  or  melena)  in  73  cases,  or  27.6  per  cent.,  of  this  group;  about 
41  per  cent,  had  hematemesis  only,  15  per  cent,  melena,  while  both 
hematemesis  and  melena  were  mentioned  in  44  per  cent. 

Gastric  analyses  were  carried  out  in  255  cases;  38  per  cent,  of 
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these  showed  presence  of  altered  blood  in  the  extract.  Gross  reten- 
tion was  evident  in  33.S  per  cent.  The  average  total  acidity  was  54 ; 
the  average  hydrochloric  acid  was  42.  In  18  per  cent,  the  acid  values 
were  normal  or  below  normal.  The  absence  of  free  hydrochloric 
acid  was  shown  in  13  cases.  Under  such  a  circumstance  the  possi- 
bility of  carcinoma,  syphilis  or  associated  disease  was  evident. 
Five  of  these  patients  have  since  died  from  malignancy,  three  now 
apparently  show  malignancy;  in  the  others  the  advanced  age  asso- 
ciated with  considerable  fresh  blood  in  the  extract,  gall-bladder 
disease,  or  other  pathologic  lesions  explained  the  achlorhydria. 

The  generally  accepted  complex  of  ulcer  was  more  or  less  defi- 
nitely present  in  81  per  cent,  of  the  212  cases;  irregular  but  sug- 
gestive in  6.8  per  cent.;  classified  as  irregular  in  5.3  per  cent.  In 
the  remaining  7  per  cent,  the  picture  was  atypical  or  the  record  was 
incomplete.  A  primary  diagnosis  of  gastric  ulcer  was  made  in  174 
cases  (66  per  cent.);  an  alternative  one  in  21  cases  (8  per  cent.). 
Duodenal  ulcer  was  the  primary  diagnosis  in  47  cases  (27  per  cent.). 
The  roentgen  ray  gave  definite  assistance  in  65  per  cent,  of  the  113 
cases  examined  in  this  series. 

The  situation  of  the  ulcers  was  as  follows:  the  lesser  curvature 
in  167  cases  (63  per  cent.);  the  pylorus,  35  (13  per  cent.);  total 
ulcers  at  or  near  the  pylorus,  87  (33  per  cent.) ;  posterior  wall,  27 
(10  per  cent.);  anterior  wall,  6  (2  per  cent.);  2  gastrojejunal 
ulcers  secondary  to  gastro-enterostomy.  Multiple  ulcers  were 
noted  in  15  cases  (5.6  per  cent.). 

The  complications  were:  advanced  cicatricial  pyloric  stenosis, 
11.7  per  cent.;  evidence  of  perforation,  28  per  cent.;  perigastritis 
with  adhesions  to  neighboring  structures,  28  per  cent.;  question- 
able malignancy,  11.7  per  cent.;  appendiceal  disease,  33.7  per  cent. 
In  less  than  25  per  cent,  of  all  cases  there  was  no  complicating  fac- 
tor, a  fact  which  illustrates  the  advanced  stage  of  the  process  at  the 
time  of  first  examination. 

Of  814  cases  of  duodenal  ulcers  628  (77  per  cent.)  were  males 
and  186  (22.8  per  cent.)  were  females.  This  characteristic  dispro- 
portion in  sex  incidence  Wilkie^  has  probably  explained  on  an.  ana- 
tomic basis.     The  average  age  was  forty-three  years  and  the  aver- 
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age  duration  of  symptoms  was  over  twelve  years.  The  clinical 
course  was  intermittent  in  95  per  cent,  of  all  cases,  and  periodic  in 

50  per  cent.  Continuous  preoperative  complaint  of  variable  dura- 
tion was  noted  in  26  per  cent.  In  more  than  85  per  cent,  the  pain 
appeared  in  from  two  to  five  hours  after  taking  food;  in  the  remain- 
der it  appeared  within  two  hours.  Nocturnal  pain  only  was  given 
in  6  cases  (7  per  cent.).  Definite  relief  by  food  was  noted  in  67  and 
partial  or  irregular  relief  in  an  additional  15  per  cent.  Relief  by 
neutralization  was  present  in  39  per  cent.  Hemorrhage  was  re- 
ported in  208  cases  (25  per  cent.)  and  was  classified:  melena,  8.8 
per  cent. ;  hematemesis,  6  per  cent. ;  both  melena  and  hematemesis, 
10.5  per  cent.  The  acid  values  averaged  20  per  cent,  higher  than 
in  gastric  ulcer  and  in  only  7  per  cent,  were  they  below  the  accepted 
normal  standard. 

A  primary  clinical  diagnosis  was  made  in  543  cases  (66.7  per 
cent.)  and  an  alternative  one  in  67  cases;  that  of  primary  gastric 
ulcer  in  88  cases  (10.8  per  cent.).  This  totaled  85.7  per  cent.,  the 
usual  average  in  the  series  recently  studied.  Of  251  cases  in 
which  the  tentative  diagnosis  of  gall-bladder  disease  was  also  made, 

51  (20  per  cent.)  showed  this  disease  present  and  51  ulcers  (22.3  per 
cent.)  were  shown  to  be  chronic  perforating.  Reviewing  the  case 
histories,  the  ulcer  complex  was  fairly  regular  in  71  per  cent., 
suggestive  in  7.2  per  cent.,  and  irregular  in  13.2  per  cent. 

At  operation  advanced  pyloric  stenosis  was  shown  in  251  cases 
(30.8  per  cent.) ;  perforation  in  26.8  per  cent.;  periduodenal  inflam- 
matory disease  in  23.5  per  cent.  Associated  disease  in  the  appendix 
occurred  in  40  per  cent.;  in  the  gall-bladder  in  9.7  per  cent. 
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NOTES  ON  GASTRIC  AND  DUODENAL 
ULCERS* 

CHRISTOPHER   GRAHAM 


The  questions  often  arise:  Are  there  any  symptoms  or  a  group 
of  symptoms  whereby  we  may  reasonably  locate  peptic  ulcer?  Do 
clinical  histories,  as  ordinarily  taken,  give  satisfactory  evidence  as 
to  whether  the  ulcer  be  high  or  low?  WTien  the  full  evidence  is 
before  us,  we  often  feel  that  the  picture  is  reassuring,  and  when 
reviewing  histories  taken  by  other  clinicians,  we  find  symptoms 
repeated  so  frequently  that  we  have  hopeful  moments.  However, 
after  reviewing  the  histories  of  our  own  cases  from  1906  to  1915  we 
cannot  find  any  pathognomonic  symptom,  or  combination  of  symp- 
toms, that  clearly  gives  the  coveted  assurance,  and  we  are  forced  to 
conclude  that  he  who  meets  defeat  again  and  again,  in  attempts  at 
ulcer  location,  will,  in  time,  even  when  the  symptoms  have  met  most 
of  his  requirements,  come  to  feel  less  sure  in  his  diagnosis  than  is 
comforting. 

The  clinical  diagnoses  in  our  series  of  approximately  1300  cases 
of  operatively  demonstrated  duodenal  ulcer  during  the  years  men- 
tioned above  have  run  about  as  follows:  There  were  70£  (54  per 
cent.)  cases  primarily  called  duodenal  ulcer,  while  3*3  (24.8  per 
cent.)  were  classfied  as  gastric  ulcer.  In  another  group  of  107 
(8.2  per  cent.,  repeated)  gastric  or  duodenal  ulcer  was  given  as  the 
secondary  diagnosis,  or  was  considered  equally  with  the  lesion  in 
question  as  the  cause  of  the  complaint.  One  hundred  seventy-five 
cases  (13.5  per  cent.)  were  primarily  considered  gall-stones  (5  per 
cent,  gall-stones  alone),  or  gall-stones  entered  largely  into  the  diag- 
nosis (8.5  per  cent.). 

*  Read  before  the  Marsh6eld  Clinical  MeetinK,  Marshfield,  Wis.,  June  30, 1915. 
Reprinted  from  the  Boston  Medical  and  Surgical  Journal,  1915,  clxxiii,  543-547. 
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In  64  cases  (5  per  cent.)  appendicitis  (1  per  cent,  appendicitis 
alone)  entered  largely  into  the  diagnosis,  while  cancer  was  con- 
sidered in  1 J/^  per  cent.     About  1  per  cent,  were  quite  unclassified. 

Among  the  450  cases  of  gastric  ulcer  operatively  demonstrated, 
£48  (55  per  cent.)  were  classified  as  gastric,  119  (26 3^  per  cent.)  as 
duodenal,  and  31  (6j^  per  cent.,  19  gastric  and  12  duodenal)  in 
which  the  gastric  diagnosis  was  placed  second.  The  gall-bladder 
was  primarily  considered  diseased  in  40  (8.8  per  cent.)  cases,  and  in 
5  per  cent,  this  was  the  only  diagnosis  made.  Cancer  was  con- 
sidered present  in  4.8  per  cent,  of  the  cases,  appendicitis  in  1.7  per 
cent.,  those  not  classified  about  2J4  per  cent.  From  these  figures 
it  will  readily  be  seen  why  one  hesitates  in  many  cases  to  attempt 
to  make  a  possible  diagnosis  as  to  the  location  of  the  ulcer.  It  is 
not  a  diflScult  problem  to  diagnose  the  presence  of  a  peptic  lesion, 
but  it  is  quite  difficult  to  determine  whether  the  lesion  is  gastric  or 
duodenal. 

We  have  fallen  into  the  way  of  roughly  dividing  gastric  com- 
plaints into  those  of  regular  and  of  irregular  types,  and  also  of  con- 
sidering a  gall-bladder  type.  However,  one  must  keep  in  mind 
extrinsic  causes,  such  as  gall-stones,  appendicitis,  and  tuberculosis. 
These  may  give  quite  the  regular  gastric  syndrome,  and  gastric 
symptoms  be  the  chief  complaint  for  which  relief  is  sought,  or  they 
may  very  often  give  an  irregular  history,  which  confuses  and  leads 
to  provisional  diagnoses. 

The  following  clinical  syndromes  are  worthy  of  consideration: 

1.  The  regular  type  of  duodenal  ulcer  is  looked  upon  as  that  in 
which  the  pain  or  distress  comes  within  two  to  five  hours  after 
meals,  accompanied  by  gas,  sour  stomach,  and  vomiting,  one  or  all 
appearing  about  the  same  hour,  and  continuing  until  the  next  meal, 
or  until  food,  an  alkali,  vomiting,  or  irrigation  brings  comfort  by 
relieving  the  acid  state.  These  symptoms  are  repeated  with  cer- 
tain uniformity  each  day  for  days,  weeks,  or  months,  and  then 
there  is  an  intermission  of  perfect  ease,  or  at  least  a  marked  remis- 
sion ensues.  These  periods  of  attack  and  intermission  may  come 
and  go  for  years,  the  only  change,  perhaps,  being  an  increase  in 


186  CHRISTOPHER   GRAHAM 

severity  until  the  time  comes  when  complications  have  altered  the 
gastric  movements  and  functions. 

2.  The  regular  gastric  type^  as  we  prefer  to  consider  it,  has  the 
same  periodicity  and  the  same  group  of  symptoms,  though  not  so 
clearly  cut  as  in  the  duodenal  lesion,  but,  as  we  have  shown,  in  at 
least  one-fourth  of  the  cases  the  difference  is  quite  indistinguish- 
able. Pain  or  distress  comes  sooner  after  meals,  does  not  continue 
so  clearly  to  the  next  meal,  may  cease  for  a  time  to  begin  again 
before  the  following  meal,  and  is  often  eased  by  food,  though  not 
so  often  nor  so  clearly  as  the  pain  of  duodenal  ulcer.  Fear  of  food- 
pain  is  more  often  noted.  Food  in  small  amounts  gives  ease,  while 
in  larger  amounts  it  gives  pain.  Hunger-pain  is  not  so  clear  cut, 
and  not  so  frequent,  because  the  pain  may  pass  before  mealtime 
arrives.  Careful  diet  seems  to  give  more  relief  than  in  duodenal 
ulcer,  unless  complications  are  present.  Sour  food  is  not  so 
troublesome  in  the  high  as  in  the  low  ulcer,  and  the  position  of  the 
body  as  well  as  physical  activity  plays  a  more  important  ease  r6le 
in  the  gastric  than  in  the  duodenal  cases.  A  definite  intrinsic  gas- 
tric complaint  runs  throughout  the  history,  though  the  features 
seem  less  clear-cut  than  in  duodenal  ulcer,  and  one  feels  a  greater 
lack  of  certainty  in  the  diagnosis.  However,  the  fact  remains  that 
the  final  diagnostic  figures  in  this  series  hold  clearly  as  well  in  the 
gastric  as  in  the  duodenal  types. 

3.  The  irregular  peptic  ulcer  type  of  history  has  lost  the  distinc- 
tive time  of  onset  of  symptoms  and  their  control.  We  find  such 
histories  in  cases  of  obstruction,  perforation  with  adhesions,  hour- 
glass stomach,  saddle  ulcer,  lesions  of  large  areas,  or  any  condition 
where  function  and  movement  are  limited. 

Intermissions  or  remissions  are  fairly  constant,  but  not  so  well 
defined  as  in  uncomplicated  ulcer  found  low,  or  even  usually  those 
well  above  the  pylorus.  This  type  of  history  does  not  give  that 
daily  distinctive  time  of  onset  and  control  of  symptoms  which  we 
expect  to  see  during  the  period  of  an  attack.  They  do  not  run  that 
clear-cut  course,  yet  when  considered  day  by  day,  and  week  by 
week,  we  discover  in  the  so-called  irregularity  a  certain  definite 
course  which  clearly  points  to  an  intrinsic  lesion  of  the  stomach. 
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Day  by  day  the  average  is  quite  the  same,  though  usually  the  hun- 
ger-pains, food-ease,  and  hemorrhages  are  less  definite.  However, 
pain,  vomiting,  distress,  gas,  and  sour  eructation  are  the  constant 
results  of  food  intake,  from  which  more  or  less  relief  is  experienced 
by  careful  diet,  alkali,  irrigation,  or  vomiting.  These  factors  are 
always  first  in  the  patient's  complaint,  and  are  the  ones  most  con- 
sidered in  the  diagnosis.  This  irregular  complicated  type  of  his- 
tory may  be  manifest  from  the  first  onset  of  symptoms,  but  often 
the  early  history,  carefully  developed,  brings  out  the  clear-cut  typi- 
cal history  which  supplies  the  final  diagnostic  point. 

Histories  in  cases  of  high  ulcer  tend  earlier  to  this  irregular  type, 
those  of  pyloric  and  duodenal  ulcer  less  often,  and  then  usually 
when  obstruction  or  other  complications  have  intervened.  Thus, 
in  the  so-called  irregular  types  we  incline  to  the  diagnosis  of  gastric 
rather  than  of  duodenal  ulcer,  or  we  look  for  extrinsic  causes.  When 
gastric  symptoms  predominate,  we  must  always  bear  in  mind  these 
extragastric  causes  whether  they  be  general  diseases  or  local  condi- 
tions. At  times  the  course  of  these  extragastric  lesions  may  be  so 
typical  of  ulcer,  even  to  the  extent  of  hemorrhage,  that  ulcer  is 
diagnosed  unconditionally.  Fortunately,  however,  the  day-by- 
day  symptoms  in  these  cases  vary  so  much — today  this  effect,  to- 
morrow quite  different,  again  a  day  entirely  free,  and  through  it  all 
no  change  in  diet  or  surroundings — that  one  catches  the  hint  and 
guards  the  diagnosis.  With  patients  complaining  of  gastric  dis- 
tress it  is  necessary  to  be  constantly  on  guard,  always  ready  to 
differentiate  the  extrinsic  causes  that  simulate  the  regular  ulcer 
type,  as  well  as  to  differentiate  those  that  seem  to  be  of  the  irregular 
ulcer  type,  but  are  also  as  surely  due  to  extrinsic  causes.  It  is 
among  the  symptoms  due  to  an  extragastric  condition  that  many 
difiBcult  diagnostic  battles  are  fought  and  lost,  or  but  partly  won, 
and  it  is  these  same  difiicult  battles  that  have  taught  us  to  hesitate 
before  making  a  too  spirited  diagnostic  charge  at  the  real  enemy. 

When  reading  duodenal  histories  one  is  apt  to  be  impressed  with 
the  array  of  so-called  regular  histories,  and  to  feel  that  ulcers  higher 
up  are  not  nearly  so  clear-cut.  Yet  in  going  over  the  histories  from 
1906  to  1915,  we  discovered  that  72  per  cent,  of  duodenal  cases  gave 
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fairly  regular  symptoms,  and  that  71  per  cent,  of  gastric  cases  gave 
the  expected  syndrome,  or  were  so  clearly  gastric  that  little  hesi- 
tancy was  felt  in  making  a  diagnosis. 

Pain  is  the  one  constant  diagnostic  factor  in  all  peptic  ulcers. 
Less  than  1  per  cent,  of  patients  are  recorded  free  from  pain.  The 
character  of  the  pain  has  few  if  any  distinguishing  points,  and  is 
described  as:  distress,  aching,  burning,  gnawing,  pressing,  boring, 
sharp  cramps,  colic,  etc.  It  runs  a  similar  course  in  all  ulcers, 
though  it  resembles  the  pain  in  gall-stone  cases  more  frequently  in 
the  duodenal  group.  The  time  of  pain  has  some  distinctive  diag- 
nostic significance.  In  the  duodenal  ulcers  the  pain  came  one-half 
to  two  hours  after  food  in  23  per  cent,  of  cases,  and  two  to  five  hours 
in  77  per  cent,  of  the  cases.  In  gastric  ulcers  the  time  limits  of  one- 
half  to  two  hours  included  50  per  cent,  and  two  to  five  hours  an 
equal  number.  In  20  per  cent,  of  the  duodenal  and  in  19  per  cent, 
of  the  gastric  ulcers  the  time  of  pain  was  not  recorded.  Eight  per 
cent,  of  the  patients  with  duodenal  ulcer,  and  19  per  cent,  with 
gastric  ulcer,  had  pain  within  one-half  to  one  hour  after  eating. 

Pain  at  night  appeared  to  be  more  decidedly  frequent  in  duo- 
denal ulcer,  while  ease  from  posture  (lying  down)  seemed  decidedly 
more  frequent  in  gastric  ulcer.  However,  the  final  analysis  gives 
14  per  cent,  of  the  patients  with  duodenal  ulcer  and  10  per  cent,  of 
those  with  gastric  ulcer  having  pain  at  night.  Postural  ease  was 
noted  in  8  per  cent,  of  the  duodenal  and  in  9  per  cent,  of  the  gastric 
cases.  These  figures  correspond  much  more  closely  than  one 
would  suppose  from  impressions  gained  in  history  writing. 

Continuous  pain  from  the  beginning  of  symptoms  was  men- 
tioned in  4  per  cent,  of  the  duodenal  and  9.5  per  cent,  of  the  gas- 
tric cases.  Tenderness  to  touch  was  recorded  in  41  per  cent,  of 
the  duodenal  and  40  per  cent,  of  the  gastric  histories. 

The  location  and  radiation  of  pain  were  noted  as  follows:  Of 
the  duodenal  ulcers,  49  per  cent,  were  well  confined  to  the  epigas- 
trium; 52  per  cent,  of  the  gastric  were  similarly  located.  Those 
with  radiation  to  the  back  ran  24  percent,  duodenal  and  22  per  cent, 
gastric.     In  the  diagnosis  gall-stones  were  considered  certain  or 
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were  given  first  place  in  13  per  cent,  of  the  duodenal  and  in  9  per 
cent,  of  the  gastric  cases. 

Radiation  to  the  left  epigastric  area  occurred  twice  as  often  in 
gastric  (10  per  cent.)  as  in  duodenal  cases  (4  per  cent.).  The  per- 
centage of  radiation  to  the  abdomen  and  fossie  was  quite  similar 
(9.5  per  cent,  duodenal,  9  per  cent,  gastric).  Radiation  to  right 
epigastrium  was  present  in  6.6  per  cent,  of  the  gastric  and  in  13.7 
per  cent,  of  the  duodenal  cases.  Therefore,  tenderness  to  touch, 
radiation  of  pain,  and  the  patient's  ability  to  locate  his  subjective 
pain  gave  little  basis  upon  which  to  arrive  at  a  differentiation.  The 
pain,  as  described  by  the  patient,  had  much  the  same  character  in 
both  the  gastric  and  duodenal  type — so  much  so  that  it  gave  but 
little  clue  to  the  location  of  the  lesion.  However,  when  ulcers  were 
high  there  was  some  diagnostic  foundation  in  the  patient's  ability 
to  locate  his  subjective  pain.  In  some  instances  the  pain  was  quite 
to  the  left  side,  or  even  well  under  the  left  arch. 

Vomiting  was  recorded  as  occurring  in  79  per  cent,  of  the  duo- 
denal and  in  82  per  cent,  of  the  gastric  ulcers,  while  gas  was  present 
in  77  per  cent,  of  the  duodenal  and  in  94  per  cent,  of  the  gastric. 
With  the  vomiting  and  gas,  sour  gastric  contents  were  quite  con- 
stant in  both  types,  though  more  troublesome  in  the  gastric. 

Control  of  pain,  whether  the  lesion  was  in  the  duodenum  or 
alx)ve,  ran  quite  the  same  and  was  as  follows : 

Food  or  drink,  or  both,  eased  pain  in  75  per  cent,  of  duodenal 
and  in  66  per  cent,  of  gastric  ulcers.  Vomiting  and  belching  of  gas 
had  less  distinguishing  percentages,  both  giving  marked  ease.  Ease 
from  belching  of  gas  in  each  was  less  permanent  than  vomiting. 
However,  gas-formation  and  belching  were  more  persistent  in  pa- 
tients with  ulcers  of  the  pylorus. 

The  effect  of  alkalis  was  practically  the  same  wherever  the  loca- 
tion, t.  e.y  ulcers  above  the  pylorus  were  about  as  frequently  (33  per 
cent.)  eased  as  those  in  the  duodenal  area  (38  per  cent.).  Irriga- 
tion gave  about  the  same  results  no  matter  where  the  lesion  (11  per 
cent,  in  duodenal  and  9  per  cent,  in  gastric),  the  advantage  lying 
slightly  in  favor  of  the  duodenal  location. 

Gastric  hemorrhages  may  be  of  some  diagnostic  aid.    In  this 
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series,  history  of  hemorrhages  by  the  mouth  was  recorded  in  18.5 
per  cent,  of  duodenal  and  in  25  per  cent,  of  gastric  cases.  Blood  by 
the  bowels  was  similarly  recorded  in  18  per  cent,  of  duodenal  and  in 
24  per  cent,  of  gastric  cases. 


COMPARISON  OF  CLINICAL  DIAGNOSES  IN  CASES  OF  OPERATI VELY 
DEMONSTRATED  DUODENAL  AND  GASTRIC  ULCERS 


1300  Duodenal  Ulcers 


Primary  djagnoiijs.  duodenal  ulcer 

Primary  dia^osis,  gastric  ulcer  . . 

Secondary  diagnosis,  duodenal  or 
gastric  ulcer  (repeated) 

Primary  diagnosis,  diseased  gall- 
bladder (gall-bladder  alone.  5  per 
cent.) 

Primary  diagnosis,  appendicitis  (ap- 
pendicitis alone  1  -f-  per  cent.) . .  . 

Primary  diagnosis,  cancer 

Unclassified 


Case« 


Per 
Cent. 


451  Gastric  Ulcers 


CLINICAL  DIAONOSIB 

70«       54.0 
24.8 


107 


175 


8.2 


1S.5 

5.0 
1.5 
10 


Primary  diagnosis,  gastric  ulcer 
Primary    diagnosis,    duodenal 

ulcer 

Secondary  diagnosis,  gastric  or 
duodenal  ulcer  (repeated)  .  .  . 
Primary  diagnosis,  diseased  gall- 
bladder (gall-bladder  alone.  5 

per  cent.) 

Primary  diagnosis,  appendicitis 

Primary  diagnosis,  cancer 

Unclassified 


CAsia 


time   of  APPEARANCE  OF   P.%IN 


One-half  to  two  hours  after  food  . 

Two  to  five  hours 

One-half  to  one  hour  after  food .  . . 

Pain  at  night 

Postural  ease 


23.0 

77.0 

8.0 

14.0 

8.0 

One-half  to  two  hours  after  food 
Two  to  five  hours  after  food  . . 
One-half  to  one  hour  after  food 

Pain  at  night 

Postural  euse 


LOCATION  AND   RADIATION  OF   PAIN 


Epigastrium 

Radiation  to  back 

Radiation  to  left  epigastrium  . .  . 
Radiation  to  abdomen  and  fosse . 
Radiation  to  right  epigastrium  . . 


40.0 

24  + 

4.0 

.9.5 

13.7 

Epigastrium 

Radiation  to  back 

Radiation  to  left  epigastrium  . . 
Radiation  to  abdomen  and  fossie 
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Perforation  ran  about  equal  in  both  classes  (duodenal,  28.7  per 
cent.;  gastric,  26  per  cent.),  and  of  those  that  perforated,  the  pan- 
creas received  the  perforation  in  17  per  cent,  of  the  duodenal  and  in 
25  per  cent,  of  the  gastric  cases.  Pain  to  the  back,  which  more  or 
less  simulated  gall-stone  radiation,  ran  about  equal  (24  per  cent. 
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duodenal;  22  per  cent,  gastric)  in  the  two  conditions,  all  cases  con- 
sidered. This  clearly  accounts  for  the  wide  range  of  suggestion  of 
gall-stones  in  our  cases  with  gastric  lesions. 

The  effect  of  diet,  as  usually  prescribed  for,  or  undertaken  by, 
the  patient,  varied  little  so  far  as  the  comfort  it  brought  to  the  two 
types  of  cases  (20  per  cent,  duodenal;  22  per  cent,  gastric  eased); 
but  the  amount,  quantity,  and  kind  of  food  at  times  so  modified 
the  gastric  syndrome  that  their  careful  consideration  helped  in  the 
differential  diagnosis. 

Though  apparently  so  nearly  similar  are  duodenal  and  gastric 
ulcers  in  their  final  analyses,  there  are  some  points  that  aid  in  their 
differentiation.  In  the  whole  picture  the  coming  and  going  of 
symptoms  are  not  so  distinctly  seen  in  gastric  ulcer.  The  pain  in 
the  gastric  form  often  comes  earlier  after  food  (within  one  to  two 
hours,  in  one-half  the  number),  and  frequently  ceases  in  a  short 
time  or  before  the  next  meal.  It  may  return  after  a  brief  inter- 
mission, to  be  eased  by  the  next  meal,  or  the  distress  is  such  that 
food  is  refused  lest  pain  be  increased.  This  is  more  often  the  case 
in  gastric  than  in  duodenal  ulcer,  unless  complications  are  present. 
Certainly  when  adhesions  and  perforations  are  present  in  any  ulcer- 
ative lesion,  and  clearly  more  so  in  those  well  above  the  pylorus, 
pain  may  begin  sooner  after  food  intake.  This  early  pain  is  due 
apparently  to  peristaltic  movements,  tugging  at  the  sensitive  ad- 
hesions, quite  as  much  or  more  so  than  to  any  acid  fiuid  acting  on 
the  chronic  ulcer  or  open  wound. 

In  gastric  ulcer  a  small  amount  of  food  more  frequently  gives 
ease,  while  large  amounts  give  immediate  pain,  and  thus  patients 
with  gastric  ulcer  are  not  so  apt  to  depend  on  food  to  give  ease, 
or  to  so  spontaneously  state  its  comforting  effect.  Acid  foods 
trouble  gastric  cases  less  than  they  do  duodenal  (and  pyloric) 
cases. 

Position  is  also  a  greater  factor  in  high  than  in  low  ulcer.  Pres- 
sure, as  bending  over  the  arms  of  a  chair,  or  doubling  up  on  the 
thighs,  gives  ease  more  frequently  or  prevents  pain  setting  in  so 
severely.  Lying  on  the  back  or  side,  or  on  the  stomach,  is  more 
often  found  comforting  in  gastric  ulcer.     Therefore,  night  pain  is 
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not  SO  frequent:  (1)  perhaps  because  obstruction  is  less  liable  in 
gastric  cases  (26  per  cent,  duodenal;  10  per  cent,  gastric),  or  at 
least  the  narrowing  is  less;  (2)  because  the  ulcer  by  the  jK>sition 
assumed  is  relieved  of  the  acid's  immediate  presence;  (3)  by  the 
high  location  of  the  ulcer  the  irritating  fluid  falls  below  the  ulcer  or 
is  pressed  away  from  it;  and  (4)  peristalsis  eases  when  the  body  is 
at  rest,  or  when  pressure  is  applied.  This  differential  point  of 
position  is  much  more  clearly  felt  in  history  taking  than  seems 
apparent  in  our  final  percentages  and  should,  we  think,  be  con- 
sidered. 

Ulcers  located  toward  the  greater  curvature,  ulcers  with  exten- 
sive surfaces,  and  many  saddle  ulcers  tend  to  more  constant  symp- 
toms, thus  exhibiting  the  symptoms  of  chronic  complicated  ulcers 
situated  elsewhere.  Perforations  and  adhesions  seem  more  often 
to  affect  gastric  ulcers  than  duodenal  and,  as  before  stated,  peristal- 
sis plays  a  more  important  part  in  pain  production  when  adhesions 
limit  the  normal  movements. 

Eructation  of  burning  sour-water  (heart-burn)  or  of  tasteless  or 
salty  water  (water-brash)  is  more  often  mentioned  by  those  who 
have  gastric  lesions.  Also,  bloating  and  its  distress  are  more  fre- 
quent in  the  cases  of  higher  ulcers. 

Pain  that  comes  immediately  or  soon  after  food  intake  seems  to 
point  to  cardiac,  fundic,  or  other  extensive  ulcerations,  perfora- 
tions, adhesions,  or  obstruction.  Coarse  and  large  amounts  of  food 
may  increase  pain  in  any  ulcer,  but  more  constantly  in  gastric 
rather  high  in  position,  and  high  ulcers  often  seem  to  have  periods 
of  shorter  duration  (one  to  five  days)  and  shorter  intermissions,  or 
remissions  which  show  a  lighter  grade  of  symptoms  and  tend  to 
constant  complaint.  Thus  the  case  may  run  month  by  month, 
pain  earlier,  not  constant,  and  decided  food  or  soda  ease;  all  symp- 
toms varying  somewhat  as  the  amount  and  kind  of  food,  giving 
one  the  impression  of  irregularity,  yet  constantly  of  gastric 
origin.  Duodenal  or  pyloric  ulcers  more  often  run  an  exact  course 
day  by  day  for  days  or  weeks  with  decided  food  ease. 

However,  each  case  necessarily  calls  for  its  own  careful  consider- 
ation, because  no  symptom,  or  group  of  symptoms,  can  more  than 
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suggest  location  and  often,  as  our  histories  show,  the  gastric  case 
may  have  the  pure  duodenal  syndrome  and  the  duodenal  case  may 
quite  as  cleariy  give  the  gastric  type  of  symptoms.  The  diagnosis 
of  a  gastric  lesion  being  made,  the  question  of  its  exact  location  is 
not  paramount.  How  best  to  treat  the  lesion  and  conserve  the 
patient's  health  is  the  vital  point. 
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THE  DIFFERENTIAL  DIAGNOSIS  OF  LESIONS 
OF  THE  STOMACH  AND  DUODENUM  * 

'  EMIL    H.    BECKMAN 


In  the  consideration  of  lesions  of  the  stomach  and  duodenum 
it  is  well  to  review  our  methods  of  diagnosis.  Of  all  the  single 
methods  of  diagnosis  in  use  at  the  present  time,  a  carefully  taken, 
well-interpreted  history  is  the  most  valuable.  Practitioners  of  the 
old  school  relied  almost  entirely  for  diagnosis  on  inspection  of  the 
patient,  palpation,  and  the  history.  With  the  development  of 
laboratory  methods  there  has  been  a  gradual  tendency  to  depend 
entirely  on  these  aids,  rather  than  to  consider  them  simply  as  one 
of  many  pieces  of  evidence  affording  knowledge  of  an  individual 
case.  In  the  past  few  years  there  seems  to  have  been  an  endeavor 
on  the  part  of  workers  in  experimental  laboratories  to  find  a  specific 
laboratory  test  for  each  specific  disease.  In  their  enthusiasm  to 
follow  up  the  latest  laboratory  test,  diagnosticians  have  relied  to  a 
great  extent  on  the  individual  test,  and  to  a  corresponding  degree 
have  neglected  the  history,  clinical  symptoms,  and  general  inspec- 
tion of  the  patient.  Instead  of  taking  a  broad  view  of  the  entire 
subject,  obtaining  evidence  from  every  source  possible,  and  then 
summing  up  the  entire  case,  they  have  often  been  biased  by  the 
data  derived  from  a  single  laboratory  finding.  The  carefully 
recorded  case-history  affords  evidence  that  can  be  obtained  in  no 
other  way.  It  shows:  (1)  Previous  diseases  and  previous  methods 
of  living  may  bear  on  the  particular  case  under  consideration;  (2) 
present  symptoms  and  those  previously  complained  of  which  led 

*  Read  before  the  Mississippi  Valley  Medical  Association,  Lexington,  Ky., 
October  19-21,  1915.    Reprinted  from  the  Lancet-Clinic,  1916,  cxv.,  242-5. 
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up  to  the  present  condition;  (3)  that  the  health  of  the  parents  or 
other  members  of  the  family  may  have  affected  the  patient;  (4) 
that  previous  illnesses  and  lowered  vitality  might  have  brought 
about  a  condition  making  the  present  malady  possible;  and  (5) 
that  slight,  temporary  symptoms  several  years  previous  to  the  time 
of  examination  may  have  been  due  to  one  disease,  and  the  later 
severe  symptoms,  due  entirely  to  a  different  disease,  may  have 
developed  from  the  former  trouble.  So  that  in  the  final  summing 
up  the  case  history,  carefully  reported  and  interpreted,  is  by  all 
means  the  most  reliable  method  of  diagnosis  which  we  have  at  the 
present  time. 

Analysis  of  the  Contents  of  the  Stomach. — This  is  one  of  many 
special  laboratory  tests  which  have  been  devised  for  the  diagnosis 
of  gastric  and  duodenal  lesions.  A  great  deal  of  information  may  be 
obtained  from  the  gastric  analysis,  but  when  the  analysis  is  con- 
sidered entirely  apart  from  the  patient  and  the  patient's  history, 
it  has  almost  no  value.  High  or  low  acidity  depends  to  a  great 
extent  on  the  condition  of  the  patient  at  the  time  the  test  is  made, 
and  may  vary  from  day  to  day  to  a  remarkable  degree.  In  a 
patient  examined  recently  at  intervals  of  two  days  the  first  time 
the  free  hydrochloric  acid  was  28,  and  in  the  other  was  0.  If  the  di- 
agnosis were  dependent  entirely  on  the  amount  of  free  hydrochloric 
acid,  it  is  easily  seen  how  misleading  such  observations  would  be. 
Further,  the  amount  of  acids  and  ferments  in  the  gastric  contents 
may  depend  wholly  on  the  general  run-down  condition  of  the  pa- 
tient, regardless  of  the  presence  of  disease  in  the  stomach.  I 
merely  mention  this  point  as  an  illustration  that  in  every  case  the 
gastric  analysis  should  be  considered,  not  apart  from  the  other 
evidence,  but  merely  as  one  of  the  various  tests  which  may  be  added 
in  the  final  summing  up  before  making  the  diagnosis. 

Other  laboratory  tests  may  be  mentioned:  For  example, 
Salkowski's  tests  of  colloid  nitrogen  in  the  urine;  the  Grafe  Rohmer 
or  hemolysin  test  in  the  gastric  contents,  and  the  Neubauer  and 
Fischer  tests  for  the  presence  of  polypeptoid-splitting  ferment.  In 
addition,  we  have  the  presence  of  the  Boas-Oppler  bacillus  and 
many  others.     Up  to  the  present  time  none  of  these  tests  has  been 
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accepted  as  specific  of  any  definite  disease  that  may  be  present  in 
the  stomach,  and  yet  many  of  them  may  be  of  value  when  corre- 
lated with  the  other  evidence  in  the  case. 

The  presence  or  absence  of  mucus  in  the  stomach  may  also  be 
mentioned  as  an  aid  in  diagnosis.  Mucus  is  a  protectant,  and  its 
absence  in  the  gastric  contents  means  a  lack  of  protection  to  the 
mucous  membrane;  thus  a  normal  amount  of  acid  may  irritate  the 
mucous  membrane  to  such  an  extent  as  to  cause  the  same  symp- 
toms which  high  acidity  causes  when  mucus  is  present;  in  other 
words,  the  lack  of  the  natural  protecting  mucus  in  the  gastric  con- 
tents will  allow  irritation  to  occur,  whether  from  bacterial,  chem- 
ical, or  mechanical  causes.  Naturally,  then,  an  increase  in  mucus 
means  irritation,  and  an  attempt  on  the  part  of  nature  to  overcome 
this  irritation  by  the  secretion  of  an  excess  of  mucus. 

Examination  of  the  Stomach  and  Duodenum  by  the  Roentgen 
Ray, — ^The  roentgen  ray  has  developed  wonderfully  within  the 
past  few  years,  and  its  use  in  the  diagnosis  of  lesions  of  the  stomach 
and  duodenum  has  become  very  prominent.  Like  many  of  the 
new  tests,  the  claims  made  for  it  are  sometimes  extravagant. 
Lesions  of  the  stomach,  such  as  cancer  and  ulcer,  are  quite  amen- 
able to  roentgenologic  demonstration  by  filling  the  stomach  with 
media  opaque  to  the  rays.  The  demonstration  of  duodenal  lesions 
is  less  easy,  since  the  duodenal  contents  tend  to  pass  through 
rapidly,  and  contours  are  harder  to  determine  than  those  of  the 
stomach.  However,  by  placing  the  patient  in  a  favorable  position 
and  making  multiple  plates  the  duodenal  outline  can  usually  be 
shown.  The  roentgen  signs  of  disease  in  the  digestive  tract  may 
be  direct  or  indirect.  Permanent  deformity  of  contour  at  the  site 
of  the  lesion  is  a  direct  sign.  Indirect  signs  include  alterations  of 
tone,  peristalsis,  and  motility,  and  non-permanent  alterations  of 
contour  due  to  spasm.  All  these  signs,  especially  spasm,  may  be 
produced  reflexly  by  conditions  outside  the  stomach.  Hence  a 
diagnosis  based  on  indirect  signs  is  hazardous  unless  the  possibility 
of  a  reflex  cause  be  eliminated.  This  is  usually  done  by  giving 
belladonna  to  physiologic  effect  and  reexamining  the  patient. 
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General  Considerations  in  the  Dlagnosis  of  Abdominal 

Lesions 

Pain. — Pain  is  a  common  symptom  in  a  great  many  abdominal 
lesions,  and  it  is  well  to  consider  its  cause,  time  of  occurrence,  and 
character.  Pain  in  the  abdomen  may  occur  from  two  special 
causes:  (1)  Contraction  of  the  walls  of  a  hollow  viscus,  and  (2) 
inflammation  plus  muscular  spasm. 

Pain  that  occurs  from  contraction  of  the  walls  of  a  hollow  viscus 
due  to  obstruction  is  always  severe  and  rhythmic,  because  of  the 
firm  contraction  of  the  muscles  in  an  attempt  to  dislodge  the  ob- 
struction, and,  later,  their  relaxation  because  they  are  exhausted. 
Severe  renal  colic,  gall-bladder  colic,  and  intestinal  colic  due  to 
obstruction  are  illustrations.  No  other  pain  in  the  abdomen  except 
the  pain  of  perforation  compares  in  severity  with  this  type.  The 
pain  of  perforation  may  be  as  severe  for  a  short  period,  but  it  is 
constant  and  never  colicky. 

Pain  due  to  muscular  spasm  is  an  attempt  on  the  part  of  nature 
to  place  at  rest  an  inflamed  area.  This  type  is  more  or  less  con- 
stant, but  may  resemble  the  intermittent  pain  of  obstruction  due  to 
relaxation  and  contraction  of  the  muscles  that  are  attempting  to 
hold  the  part  immobile,  such  as  occurs  in  subacute  perforations, 
appendicitis,  or  i>eritonitis. 

Tenderness  usually  accompanies  pain.  As  noted  by  many 
observers,  if  an  abscess  forms  (inflammation)  in  the  center  of  a 
solid  organ,  such  as  the  kidney,  the  liver,  or  the  lung,  where  there  is 
no  muscular  action,  there  is  no  marked  evidence  of  pain.  Only 
when  these  inflammatory  processes  reach  the  surface  of  the  organ 
and  motion  between  it  and  adjacent  parts  produces  muscular  spasm 
in  an  attempt  to  limit  such  motion,  does  pain  occur.  Since  the 
stomach  and  duodenum  are  organs  that  do  not  often  become 
obstructed,  severe  pain  rarely  occurs  except  in  perforation,  and  it 
is  then  constant  and  accompanied  by  tenderness  and  rigidity  of  the 
abdominal  walls.  Gastric  and  duodenal  lesions  do  not  produce 
this  type  of  severe  colicky  pain,  because  there  is  never  the  complete 
obstruction  that  occurs  in  other  hollow  organs.     Even  when  the 
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pylorus  is  completely  blocked,  the  stomach  can  empty  itself  quite 
readily  through  the  esophagus.  Therefore  when  pain  of  a  severe 
colicky  nature  is  present,  one  can  be  sure  that  the  trouble  should  be 
looked  for  outside  the  stomach. 

Of  particular  significance  is  the  time  of  occurrence  of  pain  in  the 
upper  abdomen.  Pain  which  occurs  immediately  upon  taking 
food,  especially  if  accompanied  by  vomiting,  is  apt  to  mean  a  severe 
contraction  of  the  stomach,  due  to  reflex  conditions  and  to  some 
disease  outside  the  stomach  itself.  Pain  occurring  with  i>eriodic 
regularity  between  meals,  especially  if  relieved  by  food,  points  to  a 
disease  in  the  duodenum  or  stomach.  Constant  pain,  when  not 
affected  by  taking  food,  may  or  may  not  be  due  to  disease  in  the 
stomach,  depending  on  conditions. 

Nausea. — Nausea  is  not  a  characteristic  symptom  of  lesions  in 
the  stomach  or  duodenum.  There  may  be  slight  nausea,  but  never 
the  prolonged,  continuous  nausea  experienced  by  patients  with  an 
infected  gall-bladder  or  the  severe  nausea  of  pregnancy. 

Diagnosis  of  Individual  Diseases  of  the  Stomach  and  Duodenum, 
— Very  few  diseases  occurring  in  the  duodenum  have  a  definite 
entity.  There  are  the  various  relaxed  conditions  of  the  duodenum, 
which  are  almost  always  accompanied  by  a  relaxed  condition  of  the 
other  muscular  organs,  such  as  the  stomach,  of  which  we  know  very 
little.  These  can  rarely  be  diagnosed  by  any  definite  chain  of 
symptoms;  their  cause  is  unknown,  and  their  cure  not  understood. 
Primary  cancer  in  the  duodenum  probably  does  not  occur;  when 
cancer  does  occur  in  the  duodenum,  it  arises  in  the  papilla  of  Vater, 
or  has  invaded  the  duodenum  from  the  stomach.  The  symptoms 
are  indistinguishable  from  those  of  cancer  at  the  pyloric  end  of  the 
stomach. 

The  most  common  lesion  of  the  duodenum  with  which  we  have 
to  deal,  and  which  has  a  definite  symptomatology  of  its  own,  is 
ulcer.  Ulcers  of  the  duodenum,  pylorus,  and  pyloric  end  of  the 
stomach  produce  the  same  chain  of  symptoms,  and  from  the  stand- 
point of  the  diagnostician  should  be  considered  together.  While 
the  symptoms  are  not  absolutely  identical  in  all  cases,  those  of  a 
typical  case  are  so  well  marked  that  a  failure  in  diagnosis  should 


DIAGNOSIS   OF   LESIONS   OF   STOMACH   AND    DUODENUM        199 

rarely  occur.  The  feeling  is  not  really  pain,  but  more  of  discom- 
fort, gnawing,  or  burning.  The  site  is  usually  indefinitely  located 
in  the  epigastrium,  though  in  some  instances  a  definite  point  of 
distress  is  constant.  When  there  is  a  particular  area  of  distress,  it 
is  more  apt  to  be  to  the  right  than  to  the  left  of  the  midline.  Pain 
or  distress  usually  occurs  when  the  stomach  is  empty,  varying  from 
between  one  to  three  hours  after  meals.  It  is  relieved  by  dilution 
of  the  gastric  contents,  as  by  food,  water,  saliva,  and  almost  invari- 
ably alkalis.  Many  patients  become  addicted  to  the  use  of  soda 
without  having  it  prescribed.  Pain  is  usually  aggravated  by  exer- 
tion, and  is  often  relieved  by  absolute  rest,  especially  by  lying  down. 
The  pain  is  not  usually  referred  to  any  great  distance  from  the 
epigastrium,  often  to  the  back,  especially  in  perforations.  Low 
abdominal  pain  one  day,  umbilical  the  next,  and  following  this 
the  epigastric  pain  that  is  seen  in  other  conditions  is  unusual. 
Graham  says:  "The  longer  the  period  between  food-intake  and 
onset  of  symptoms,  the  lower  the  ulcer,  as  a  rule.  The  more  prompt 
the  food  ease  and  cessation  of  symptoms,  the  lower  the  ulcer." 

In  most  cases  the  appetite  remains  good,  the  patient  is  free  from 
nausea,  and  enjoys  food.  The  symptoms  have  a  definite  perio- 
dicity in  a  remarkably  large  number  of  cases;  that  is,  they  con- 
tinue for  days,  weeks,  or  months,  and  then  disappear  for  a  corres- 
I)onding  period  from  no  apparent  cause.  Experience  seems  to 
show  that  a  large  percentage  of  cases  have  a  remission  of  symptoms 
occurring  in  the  spring  and  fall  months.  The  symptoms  from  day 
to  day  are  almost  identical;  there  is  rarely  any  wide  variation.  In 
the  earlier  stage  of  the  disease  distress  in  the  morning  is  rare,  but 
occurs  possibly  latfs  in  the  forenoon,  and  again  in  the  afternoon. 
As  the  disease  progresses  there  is  distress  at  night,  which  prevents 
sleep  and  is  relieved  only  by  taking  a  glass  of  milk  or  other  food. 
Vomiting  is  not  common,  but  there  is  a  regurgitation  of  sour,  acid 
fluid  into  the  mouth.  When  vomiting  does  occur,  careful  question- 
ing usually  reveals  the  fact  that  it  was  induced  to  obtain  relief.  In 
the  later  stages,  when  there  is  continuous  spasm  or  mechanical 
obstruction  of  the  pylorus,  vomiting  is  more  frequent,  the  pain  is 
more  constant,  and  alkalis  and  food  less  likely  to  give  relief. 
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Hemorrhage  occurs  in  about  one-third  of  the  cases  of  ulcer.  It 
is  often  severe,  and  the  patient  may  vomit  large  quantities  of  blood 
or  pass  large  quantities  in  the  stool.  The  bleeding  is  not  often 
accompanied  with  pain,  but  there  is  a  sense  of  weakness  or  prostra- 
tion. ^\^len  there  is  no  vomiting,  the  cause  of  weakness  may 
become  apparent  by  blood  in  the  stool.  At  these  times  it  is  not 
uncommon  for  the  hemoglobin  to  be  reduced  to  an  extremely  low 
point — often  below  50  per  cent.  The  blood-picture  is  not  altered 
and  is  always  that  of  a  secondary  anemia. 

Gastric  analysis  in  cases  of  ulcer  of  the  pyloric  end  of  the  stom- 
ach and  duodenum  in  a  large  percentage  of  cases  shows  the  total 
acidity,  as  well  as  the  free  hydrochloric  acid,  to  be  higher  than 
normal — often  extremely  high.  The  acidity  is  more  likely  to  be 
higher  in  the  earlier  than  in  the  later  stages  of  the  disease.  Lactic 
acid  is  rarely  present  in  the  gastric  contents. 

Roentgen  examination,  when  carefully  done  and  interpreted  by 
a  person  of  wide  experience,  should  show  85  per  cent,  or  more  of 
gastric  and  duodenal  ulcers.  Ulcers  of  the  stomach  often  produce 
a  niche  in  the  gastric  wall,  the  crater  of  the  ulcer,  or  an  accessory 
pocket,  or  an  organic  hour-glass  deformity.  Indirectly  they  may 
cause  a  retention  from  the  six-hour  meal  or  spastic  manifestations. 
Deformity  of  the  duodenal  outline,  especially  of  its  first  portion, 
— the  bulb, — ^is  a  direct  sign  of  ulcer.  This  deformity  may  result 
from  distorting  scar  of  an  ancient  ulcer,  or  it  may  be  due  simply  to 
spastic  contraction  excited  by  the  irritation  of  a  small  shallow 
ulcer.  A  similar  distortion  may  also  be  caused  occasionally  by  ad- 
hesions from  a  pericholecystitis  or  other  inflammatory  processes 
in  the  right  upper  quadrant.  Duodenal  ulcer  may  also  give  rise 
to  indirect  gastric  phenomena,  such  as  spasm,  hypertonus,  hyper- 
peristalsis,  hypermotility,  or  six-hour  retention. 

The  symptomatology  of  ulcer  of  the  stomach  is  less  definite  than 
that  of  ulcer  of  the  duodenum.  The  symptoms  may  be  identical, 
or  they  may  be  entirely  different.  The  pain  with  gastric  ulcer  is 
the  same  in  character,  but  more  irregular,  is  apt  to  be  more  constant 
than  in  duodenal  ulcer,  and  not  so  likely  to  be  relieved  by  taking 
food.     There  is  not  the  same  periodicity  that  occurs  in  duodenal 
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ulcer.  Gastric  analysis  will  show  the  same  high  percentage  of 
acidity  in  most  of  the  cases.  Vomiting  is  more  likely  to  occur. 
Personally,  I  believe  that  these  patients  are  not  so  likely  to  be  in 
good  flesh  as  patients  with  duodenal  ulcer.  The  roentgen  ray  will 
show  a  definite  lesion  in  almost  every  case  of  ulcer  of  the  stomach 
if  carefully  taken  and  carefully  interpreted. 

Perjoraling  Ulcers. — Perforating  ulcers  of  the  stomach  and 
duodenum  should  produce  the  same  symptoms  as  simple  ulcers, 
with  the  addition,  at  some  particular  time,  of  pain,  tenderness,  and 
muscular  rigidity  imposed  on  the  old  ulcer  history.  During  this 
time  food  may  cause  a  great  deal  of  distress  and  there  may  be  vom- 
iting. Bleeding  may  also  occur,  but  is  not  so  common  as  might  be 
supposed.  There  is  no  change  in  the  analysis  of  the  gastric  con- 
tents, but  the  roentgenogram  almost  invariably  reveals  the  true 
condition  by  showing  a  pocket  or  small  cavity  outside  the  normal 
outline  of  the  stomach  or  duodenum. 

Cancer, — As  I  have  already  stated,  cancer  does  not  occur  in  the 
duodenum  primarily.  Unfortunately,  there  is  no  method  of  mak- 
ing an  early  clinical  diagnosis  of  cancer  of  the  stomach.  A  great 
many  cases  are  ushered  in  with  no  previous  symptoms  of  gastric 
disturbance.  A  considerable  number,  however,  give  a  previous 
history  of  ulcer  or  indefinite  indigestion.  There  is  no  pain  in  early 
cancer.  Cancer  of  the  stomach,  like  cancer  in  other  parts  of  the 
body,  is,  in  the  majority  of  cases,  a  painless  disease,  and  unless  the 
growth  is  near  the  pylorus,  so  that  it  produces  some  obstruction  or 
is  ulcerated,  the  disease  may  be  entirely  symptomless  for  a  long 
time.  Cancer  which  involves  the  body  of  the  stomach  and  is  not 
ulcerated  often  grows  to  enormous  size  without  general  or  local 
symptoms.  I  recall  one  case  in  which  there  was  no  previous  his- 
tory of  digestive  disturbance,  loss  of  weight,  or  appearance  of 
disease.  The  patient  consulted  a  physician  on  account  of  his 
inability  to  swallow  solid  food.  On  examination  his  entire  stomach 
was  found  to  be  a  mass  of  cancer,  and  it  was  with  the  greatest 
diflSculty  he  could  be  convinced  that  his  condition  was  inoperable. 

WTien  cancer  of  the  lesser  curvature  and  pylorus  has  advanced 
to  the  stage  where  symptoms  are  produced,  there  is  constant  distress 
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in  the  stomach,  associated  with  loss  of  appetite,  loss  of  strength 
and  weight,  and  anemia,  which  does  not  occur  with  simple  ulcer. 
This  chain  of  symptoms  with  low  acidity  should  make  one  sus- 
picious of  cancer  of  the  stomach.  It  should  be  remembered  that 
gastric  cancer  is  very  common,  and  that  probably  one-third  of  all 
cancers  in  the  body  occur  in  the  stomach.  Patients  presenting 
themselves  with  cachexia,  a  palpable  tumor,  and  marked  loss  in 
weight  are  so  far  advanced  that  nothing  can  be  done.  The  localized 
cancer  on  the  surface  of  the  body  presents  no  symptoms,  and  is 
discovered  only  by  inspection  and  palpation.  It  is  probably  true 
that  early  cancer  of  the  stomach  likewise  produces  no  symptoms. 
Cancer  of  the  stomach  can  be  diagnosed  extremely  early  by  the 
roentgen  ray.  One  is  more  and  more  convinced  that  diagnosis  can 
be  made  earlier  by  an  intelligent  roentgen  examination  than  by 
any  other  means.  A  small  growth  in  the  stomach  will  show  an 
irregularity  in  the  outline  of  the  stomach,  while  an  infiltrating 
growth  that  does  not  produce  irregularity  can  be  discovered  on 
screen  examination  by  an  absence  of  the  peristaltic  waves  at  this 
point.  The  roentgen  examination  is  of  the  greatest  value  in  de- 
termining the  operability  of  cancer  of  the  stomach.  Its-  use  will 
save  many  needless  exploratory  operations. 

Syphilis  of  the  Stomach, — Much  has  been  written  recently  on 
syphilis  of  the  stomach,  and  one  is  led  to  believe  that  this  is  a  very 
common  condition.  However,  considering  the  number  of  syphi- 
litic patients,  it  is  an  extremely  rare  condition  and  one  not  easily 
recognized.  The  symptoms  seem  to  be  those  of  an  indefinite  his- 
tory of  ulcer,  with  an  almost  complete  absence  of  gastric  ferments 
and  acids.  In  such  cases  one  should  be  suspicious  of  syphilis  and 
the  Wassermann  test  should  be  made:  If  this  is  positive,  and  the 
condition  of  the  stomach  is  entirely  relieved  with  antispecific  treat- 
ment, it  is  fairly  safe  to  make  a  diagnosis  of  syphilitic  disease  of  the 
stomach.  It  may  not,  however,  be  an  actual  lesion,  but  simply  a 
condition  due  to  the  general  infection.  Many  of  the  contracted 
hour-glass  stomachs  are  due  to  partially  healed  lesions  of  syphilitic 
nature.  These  patients  give  an  indefinite  gastric  history  covering 
a  long  period  of  years,  and  the  diagnosis  is  made  largely  from  the 
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roentgenogram.     At  this  stage  the  patient  can  be  relieved  only  by 
surgical  means. 

I  shall  not  discuss  the  various  types  of  gastric  conditions  known 
as  motor  inefficiency,  and  the  various  types  of  symptoms  associated 
with  a  diminution  of  the  secretions  of  the  stomach,  for  the  reason 
that  very  few  of  these  are  really  diseases,  but  are  dependent  on 
some  general  reduction  of  the  patient's  vitality,  and  can  be  helped 
only  by  its  correction.  No  two  internists  agree  on  any  classifica- 
tion or  pathologic  basis  for  these  conditions;  consequently  no  defi- 
nite symptomatology  or  treatment  can  be  outlined. 
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Ulcer  of  the  stomach  is  a  more  serious  condition  than  ulcer  of 
the  duodenum,  but  fortunately  is  less  frequent,  our  statistics  show- 
ing 27  of  the  stomach  to  73  of  the  duodenum.  Gastric  ulcer  is  the 
more  serious  because  of  the  resulting  deformities  which  perma- 
nently cripple  the  stomach  and,  when  extensive,  interfere  with 
gastric  digestion  and  motility.  The  mechanical  condition  can  be 
relieved  by  operation,  but  the  physiologic  function  of  the  stomach 
is  often  more  or  less  permanently  impaired.  In  ulcer  of  the  duo- 
denum the  gastric  motor  and  secretory  functions  are  not  disturbed 
and,  in  the  presence  of  gastro-enterostomy,  are  continued  in  an 
efficient  manner. 

Acute  perforation  in  ulcer  of  the  stomach  is  less  common  than 
in  ulcer  of  the  duodenum,  but  in  the  former  there  is  less  probability 
of  the  ulcer  being  protected  by  adhesions.  The  gastric  capacity  is 
large,  so  that  considerable  contents  may  escape.  Since  the  contents 
are  relatively  much  less  sterile  than  in  the  duodenum,  there  is  a 
greater  chance  of  perforation  producing  general  septic  peritonitis. 
When  operations  are  performed  for  acute  perforation  of  gastric 
ulcer,  the  opening  will  often  be  found  in  the  center  of  a  large  cal- 
loused area,  making  closure  difficult. 

Hemorrhage  occurs  in  both  gastric  and  duodenal  ulcers  with 
about  the  same  degree  of  frequency  and  danger,  but  in  the  stomach 
it  may  have  other  origin.  So  true  is  this  that  the  large  majority 
of  severe  hemorrhages  from  the  stomach  which  are  not  preceded 
or  followed  by  the  ordinary  signs  and  symptoms  of  ulcer  are  not 

*  Read  before  the  Section  on  Surgery,  General  and  Abdominal,  at  the  Sixty-sixth 
Annual  Session  of  the  American  Medical  Association,  San  Francisco,  June,  1915. 
Reprinted  from  the  Jour.  Amer.  Me<l.  Assoc.,  1915,  Ivi,  1069-1073. 
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due  to  ulcer,  but  the  result  of  some  type  of  gastro-intestinal  or 
hepatic  poisoning. 

There  is,  in  gastric  ulcer,  the  ever-present  danger  of  cancer 
developing  on  the  ulcer,  a  danger  to  which  duodenal  ulcer  does  not 
appear  to  be  liable.     Finally,  the  operative  procedures  which  must 


Fig.  70. — M usculoperitoDcal  flap  with  gastrohepatic  omentum  and  adhesions  raised,  exposing  the  ulcer 

Note  pyloric  veins. 


be  carried  out  for  the  relief  of  gastric  ulcer  are  more  serious  than  in 
duodenal  ulcer;  there  is,  moreover,  a  somewhat  larger  mortality 
and  a  somewhat  smaller  degree  of  certainty  of  cure.  The  history 
and  clinical  symptoms  of  a  typical  duodenal  ulcer  are  so  distinctive 
that«  as  Moynihan^  has  pointed  out,  the  diagnosis  might  be  made 
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by  correspondence;  but  many  duodenal  ulcers  are  not  typical  in 
their  symptomatology,  and  this  is  even  more  true  of  gastric  ulcers. 
Therefore,  in  a  very  considerable  percentage  of  cases,  an  exact 
differential  diagnosis  between  duodenal  and  gastric  ulcer  could  not 
be  established  until  the  advent  of  fluoroscopy.  In  duodenal  ulcer 
hyperperistalsis  of  the  stomach  and  deformities  of  the  cap  and,  if 
obstruction  exists,  bismuth  retention,  give  a  typical  appearance  and 
are  almost  as  typical  as  the  roentgenographic  appearance  of  the 
niche  in  gastric  ulcer  and  the  appearance  of  hour-glass  and  other 
deformities. 

Usually  the  pain  in  duodenal  ulcer  comes  later  and  radiates 
from  the  epigastric  midline  to  the  right;  in  gastric  ulcer  it  may 
radiate  to  the  left.  When  posterior  adhesions  of  gastric  ulcer  exist, 
especially  when  the  crater  involves  the  pancreas,  pain  in  the  back 
is  a  frequent  symptom. 

Gastric  ulcer  is  more  frequent  in  men  than  in  women — 71  males 
to  29  females — and  is  single  in  the  larger  number.  The  proportion 
in  duodenal  ulcers  is  83  males  to  17  females. 

The  occurrence  of  carcinomatous  change  in  gastric  ulcer  has 
been  a  moot  question  from  those  who  believe,  with  Aschoff,*  that  it 
is  a  comparatively  rare  phenomenon,  to  those  like  Moynihan,' 
Wilson,'  MacCarty,*  and  others,  who  believe  that  it  is  a  very  fre- 
quent condition.  The  opinion  of  the  postmortem  pathologist  who 
studies  only  the  end  results  has  no  such  value  as  the  opinion  of  the 
clinical  pathologist  who  has  an  opportunity  to  make  the  examina- 
tion during  the  life  of  the  patient,  an  opportunity  which  the  opera- 
tive removal  of  gastric  ulcer  and  carcinoma  has  made  possible. 
Fiitterer*  pointed  out  the  relation  of  fishhook  ulcer  to  gastric  car- 
cinoma and  presented  proof  that  malignant  change  actually  took 
place.  Wilson'  and  MacCarty,^  from  the  study  of  a  large  number 
of  specimens,  showed  that  it  was  not  the  base  but  the  overhanging 
margin  of  the  ulcer  which  became  carcinomatous.  A  review  by 
Wilson*  of  the  later  histories  of  19  cases  in  which  a  gastric  ulcer  had 
been  excised  and  diagnosed  as  probable  early  malignancy,  in  1909, 
has  been  of  very  great  value  in  clearing  up  the  question,  as  four  of 
these  patients  have  since  died  of  gastric  carcinoma.     Accepting  as 
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correct  Aschoff's^  criteria  that  if  the  base  of  the  ulcer  is  carcinoma- 
tous the  ulcer  has  been  carcinoma  from  the  beginning,  Wilson  was 
able  to  show  in  the  excised  specimens  that  the  carcinoma  had 
developed  on  the  margin  of  the  ulcer,  as  the  base  was  of  cicatricial 
tissue  and  free  from  cancer. 

A  study  of  the  cases  reported  by  von  Eiselsberg^  is  interesting. 


Fig.  71. — Excision  of  the  ulcer  by  means  of  the  Paquelin  cautery. 


He  shows,  from  the  ultimate  history  of  patients  operated  on  in  his 
clinic  for  gastric  ulcer,  that  10  per  cent,  have  since  died  of  cancer  of 
the  stomach.  The  differentiation  between  ulcer  of  the  stomach 
and  duodenum  was  not  so  well  established  at  the  time  these  opera- 
tions were  made  as  now,  and  the  series  showed  few  duodenal  ulcers. 
It  may  be  surmised  that  a  percentage  of  the  ulcers  near  the  pylorus 
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were  duodenal,  not  gastric,  and  yet  had  been  classified  with  the 
gastric.  Since  a  duodenal  ulcer  rarely  undergoes  malignant 
change,  this  would  increase  the  relative  percentage  of  secondary 


Fig.  72. — Upper  figure  shows  closure  of  the  gastric  opening  with  chromic  catgut  and  interrupted  silk 
sutures.    The  lower  figure  shows  the  flap  reapplied. 


gastric  malignancy  by  whatever  that  error  may  have  been.  Ana- 
lyzing von  Eiselsberg's^  statistics  still  further,  it  is  found  that 
13  patients  died  with  carcinoma  following  operation  for  ulcer. 
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The  total  number  of  deaths  was  41.  In  other  words,  32  per  cent, 
of  all  the  deaths  following  operation  for  gastric  ulcer  were  from 
gastric  cancer.  Recent  data  from  the  clinics  of  Payr,  Perthes, 
Kiittner,  and  others  show  the  same  results. 

Wilson'  has  contributed  materially  to  the  theory  that  detached 
fragments  of  functionating  gastric  epithelium  buried  in  the  ulcer  by 
scar  tissue  may  be  the  starting-point  of  carcinomatous  change. 
While  it  is  not  justifiable  to  say  that  all  carcinomas  of  the  stomach 
have  their  origin  in  ulcer,  there  is  sufficient  evidence  to  show  that  a 
preceding  lesion  in  the  gastric  mucosa  is  practically  always  present 
before  carcinoma  develops.  The  prevailing  skepticism  on  this 
point  is  not  justified  by  the  facts,  and  tends  to  prolong  medical 
treatment  of  chronic  cases  which  would  be  more  promptly  treated 
by  the  surgeon  were  the  carcinoma  liability  in  addition  to  the  ulcer 
risk  and  disability  better  understood. 

Opinions  as  to  the  medical  cure  of  ulcers  are  based  on  the  fre- 
quent cessation  of  symptoms,  which,  for  that  matter,  occurs  with  or 
without  treatment.  WTien  supposedly  cured  patients  are  operated  on 
during  the  quiescent  interval,  the  ulcer  is  not  found  to  be  cicatrized, 
but  unhealed.  The  roentgenogram  shows  the  same  condition. 
WTiile  no  one  would  contend  that  every  gastric  ulcer  should  \>e 
surgically  treated,  we  at  least  should  agree  that  if  permanent  cure 
does  not  take  place  within  a  reasonable  period,  other  things  being 
equal,  the  patient  should  have  surgical  treatment.*        *     ♦     ♦     » 

Pyloric  Ulcer 
The  location,  size,  and  relations  of  gastric  ulcer  are  extremely 
important  from  a  surgical  standpoint.  The  conditions  created 
vary  from  the  simple  problems  presented  by  a  pyloric  ulcer  with 
obstruction,  to  those  more  complex  problems  represented  by  hour- 
glass contractures  and  extensive  posterior  ulcerations  involving  the 
pancreas.  Ulcer  of  the  pyloric  end  of  the  stomach  and  antrum 
should  not  be  mistaken  for  duodenal  ulcer.  Wlien  ulcer  occurs  in 
the  terminal  one  and  one-half  inches  it  is  prone  to  develop  a  tumor, 
which,  with  the  edema  and  obstruction,  may  and  probably  will  be 
mistaken  for  carcinoma.     When  operating  during  an  exacerbation, 

^William  J.  Mayo,  "Chronic  Duodenal  Ulcer."  p.  240. 
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an  unusual  amount  of  hypertrophy  and  edema  in  the  immediate 
vicinity  of  such  an  ulcer  will  be  found.  The  mass  can  often  be  felt 
through  the  abdominal  wall  on  palpation.  Cases  are  frequently 
reported  in  literature  in  which  the  two-stage  operation  for  cancer  of 
the  stomach  was  planned,  and  after  a  preliminary  gastro-enteros- 


Fig.  7S. — Pyloric  half  of  stomach  removed;  a,  a.  Ends  in  crushing  clamps;  b,  sutures  placed  for  closing 

ends  of  duodenum. 

tomy  the  tumor  completely  disappeared.  It  is  reported  that  one 
of  Billroth's  early  patients  on  whom  gastro-enterostomy  was  done 
for  supposed  carcinoma  of  the  stomach  lived  twenty  years  follow- 
ing operation.  In  our  earlier  experience  several  patients  in  whom  a 
gastro-enterostomy  was  done  for  what  appeared  to  be  a  fixed. 
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inoperable  malignant  growth  of  the  pyloric  end  of  the  stomach, 
clinically  not  distinguishable  from  cancer,  lived  five  years  or  more 
following  simple  gastro-enterostomy.  With  increasing  exj)erience 
one  finds  that  there  are  differentiating  signs  between  pyloric  cancer 


Fiif.  74. — o,  Suturra  in  position  for  final  closure  of  duodenum:  b,  jejunum,  close  to  its  origin, 
brought  through  an  opening  made  in  transverse  mesocolon  and  sutured  with  interrupted  silk  sutures 
to  pmterior  waJI  of  stomach.  Dotted  line  along  jejunum  shows  proposed  incision  for  gastro-intestinal 
aaastomoeu.    Crushing  clamp  to  be  removed  to  open  up  gastric  cavity  for  the  anastomosis. 


and  ulcer  when  the  tumefaction  is  exposed.  A  greater  amount  of 
edema,  more  extensive  adhesions,  and  more  fixation  occur  in  ulcer 
than  usually  occur  in  cancer  of  the  same  size.  Ulcer  does  not  pre- 
sent those  little  separated  carcinomatous  foci  in  the  vicinity  of  the 
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growth  from  dissemination  just  underneath  the  peritoneum.  The 
glands  are  usually  enlarged  in  both  ulcer  and  cancer,  and  the  re- 
moval of  such  glands  which  do  not  show  cancer  is  unfortunately 
not  conclusive,  because  glands  enlarged  from  sepsis  often  exist  in 
connection  with  cancer,  but  in  which  the  glands  themselves  have  no 
malignant  cells.  MacCarty  and  Blackford  ^  have  called  attention 
to  the  fact  that  the  size  of  a  regional  lymphatic  gland  is  no  criterion 
of  the  presence  or  absence  of  gastric  cancer. 

In  the  differentiation  between  pyloric  ulcer  and  ulcer  of  the 
duodenum  the  pyloric  veins  are  an  important  diagnostic  aid  (Fig. 
70).  Above  and  below  the  pylorus  short,  stumpy  veins  come  up  on 
each  side  and  give  off  one  or  more  veins,  sometimes  anastomosing 
across  the  anterior  surface,  sometimes  ending  in  a  little  spray  of 
vessels.  Once  having  observed  the  peculiarity  of  these  pyloric 
vessels,  which  are  quite  different  from  those  in  any  other  situation 
on  the  stomach,  differentiation  is  easy. 

The  Rodman  ^^  operation  of  pylorectomy  and  partial  gastrec- 
tomy for  this  particular  group  of  ulcers  is  remarkably  well  adapted 
to  give  relief;  it  removes  the  cancer  liability  and  also  a  considerable 
portion  of  the  acid-forming  part  of  the  stomach,  and  this  removal  is 
of  importance  in  reducing  the  possibility  of  the  production  of  that 
rare  but  serious  after-result  of  gastro-enterostomy,  the  jejunal 
ulcer.  It  should  be  remembered,  however,  that  the  mortality  of 
the  Rodman  operation  is  somewhat  greater  than  simple  gastro- 
enterostomy, and  that  simple  gastro-enterostomy  will  usually  cure 
the  patient.  The  Rodman  operation,  therefore,  should  be  re- 
served, first,  for  those  patients  in  whom  the  physical  conditions  are 
such  that  the  operation  can  be  performed  with  a  minimum  risk, 
and,  second,  for  those  patients  in  whom  the  possibility  of  cancer 
amounts  to  a  probability,  so  that  the  increased  risk  of  the  operation 
will  be  more  than  counterbalanced  by  the  benefits  to  be  derived 
from  it. 

Ulcer  of  the  Lesser  Curvature  and  Antrum 
The  work  of  Forssell^^  in  showing  the  gastric  tendon  of  the 
lesser  curvature  of  the  stomach  is  very  important  in  relation  to 
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ulcer  of  the  lesser  curvature,  and  explains  why  the  simple  excision  of 
an  ulcer  without  gastro-enterostomy  may  fail  to  effect  a  cure  even 
though  the  pylorus  be  not  obstructed.  It  would  appear  that  the 
portion  of  the  greater  curvature  of  the  stomach  which  corresponded 
in  its  musculature  to  the  lesser  curvature  at  the  seat  of  the  ulcer  is 
often  permanently  crippled  by  the  ulcer,  and  that  the  condition 
was  not  overcome  by  its  excision.  A  considerable  percentage 
of  our  cases  of  ulcer  of  the  lesser  curvature  in  which  excision 
had  been  done  later  required  gastro-enterostomy,  and  this  opera- 
tion is  now  performed  at  the  time  the  excision  is  made.  Two 
deaths  have  occurred  after  excision  of  a  simple  ulcer  of  the  stomach, 
from  continuous  hemorrhage  coming  on  in  the  second  week.  The 
first  week  following  the  excision  the  patients  did  well ;  in  the  second 
week  there  was  hemorrhage  into  the  stomach,  at  first  not  serious, 
but  gradually  becoming  severe.  As  a  last  resort  in  each  case,  gas- 
tro-enterostomy was  done,  but  without  avail.  It  was  shown  at 
postmortem  that  the  bleeding  did  not  come  from  definite  vessels. 
The  mucosa  had  failed  to  unite  and  had  widely  retracted,  leaving 
the  muscular  coat  exposed  in  the  lumen  of  the  stomach,  and  this 
was  the  source  of  the  oozing  blood. 

Following  these  two  imfortunate  results,  Balfour^^  (Figs.  71  and 
72)  began  the  use  of  the  actual  cautery  to  destroy  the  ulcer.  His 
method  is  as  follows:  The  peritoneal  and  muscular  coats  are  dis- 
sected back  from  the  ulcer  in  the  shape  of  a  flap.  Then  the  Paque- 
lin, heated  to  a  dull  red  (just  hot  enough  so  that  it  will  not  stick),  is 
pushed  through  the  ulcer,  gradually  heating  the  entire  calloused 
area.  The  cautery  opening  is  closed  with  chromic  catgut  and  inter- 
rupted silk,  the  flap  of  peritoneal  and  omental  tissues  is  replaced, 
and,  finally,  gastro-enterostomy  is  performed.  Experiments  which 
Balfour  and  Mann  conducted  on  dogs  showed  that  the  cautery 
sealed  the  gastric  mucosa  to  the  muscular  tissues  and  that  the  scar 
was  almost  imperceptible.  Experience  with  this  method  in  a 
very  considerable  number  of  cases  has  steadily  given  good  results. 
When  there  is  suspicion  of  malignancy,  a  bit  of  tissue  is  excised  for 
microscopic  examination  before  using  the  cautery.  The  use  of  the 
cautery  in  these  cases,  however,  destroys  the  ulcer  and  the  diseased 
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mucosa  in  its  vicinity  so  thoroughly  and  coagulates,  as  shown  by 
Percy,  tissues  beyond  to  such  an  extent  that  one  might  expect  the 
method  would  be  as  effectual  as  local  excision  against  early  malig- 
nant disease.  Of  course,  if  malignancy  is  shown  to  exist,  resection 
is  indicated. 


Fig.75. — Entire  end  of  stomach  anastomosed  to  jejunum  posteriorly  with  interrupted  silk  and  a  through* 
and-through  continuous  catgut  suture  which  is  being  continued  on  to  anterior  surface. 

In  some  cases  in  our  clinic  in  which  the  cautery  and  gastro- 
enterostomy were  combined  the  pylorus  was  also  blocked  to  force 
the  food  out  of  the  gastro-enterostomy  opening.  The  results  have 
been  excellent  in  either  case,  and  blocking  the  pylorus  has  not 
seemed  to  have  added  anything  of  value  to  the  operation. 
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Large  Ulcers  of  the  Body  of  the  Stomach 
Large  ulcers  occupying  the  body  of  the  stomach,  when  the  callus 
and  ulcer  are  too  large  for  the  cautery  oj)eration  of  Balfour, ^^  are 
best  treated  by  the  sleeve  resection,  that  is,  the  removal  of  a  seg- 
ment of  the  stomach  including  the  ulcer,  and  an  end-to-end  anas- 


Fiff.  76. — Operation  completed  and  end  of  stomach  drawn  completely  throuffh  opening  in  transverse 
mesocolon.     Margin  of  opening  sutured  to  gastric  wall. 


tomosis  of  the  two  fragments.  This  shortens  the  stomach  con- 
siderably, but  gives  an  excellent  j)ermanent  result.  Just  why  this 
operation,  in  which  the  corresponding  part  of  the  greater  curvature 
is  removed  at  the  time  the  ulcer  is  excised,  should  leave  a  stomach 
with  good  motility  while  excision  of  the  ulcer  without  removal  of 
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the  segment  of  the  greater  curvature  leaves  it  with  poor  motility 
is  an  interesting  conjecture. 

The  most  serious  ulcers  are  those  of  the  body  of  the  stomach 
involving  the  posterior  wall.  These  ulcers  are  usually  of  large  size 
and  often  involve  the  pancreas.  At  times  there  is  an  ulcer  with  a 
foul  crater  of  considerable  size  containing  food  remnants  and  in 
which  it  is  extremely  difficult  to  tell  whether  or  not  malignant 
disease  is  present.  In  a  general  way  it  can  be  said  that  where  the 
actual  crater  of  the  ulcer  is  larger  than  a  silver  dime  the  majority 
of  gastric  ulcers  will  prove  to  be  undergoing  malignant  change.  On 
the  posterior  wall  of  the  fundus  of  the  stomach  this  is  not  so  gen- 
erally true,  for,  while  many  of  these  ulcers  are  malignant,  some 
extensive  ulcers  are  benign.  For  such  ulcers,  if  not  too  large,  the 
transgastric  operation"  will  be  found  satisfactory.  The  anterior 
wall  of  the  stomach  is  opened,  the  ulcer  excised,  and  the  gap 
sutured  from  within  the  stomach.  The  base  of  the  ulcer  may  be 
pancreatic  tissue;  if  so,  it  can  be  shaved  off  with  a  sharp  knife 
until  all  the  exposed  part  of  the  callus  has  been  removed,  or  it  may 
be  destroyed  with  the  actual  cautery.  If  it  is  possible  to  gain  access 
to  the  posterior  wall  of  the  stomach,  a  few  musculoperitoneal  sutures 
may  be  placed  to  protect  the  sutures  applied  from  within  the  gas- 
tric cavity,  but  experience  has  shown  that  these  are  not  essential. 
We  have,  however,  taken  the  precaution  to  carry  a  strip  of  folded 
rubber  tissue  to  the  pancreatic  lesion  after  covering  it  with  omental 
grafts.  Since  in  none  of  these  cases  has  there  been  any  discharge 
following  such  drainage,  it  can  be  looked  on  as  unnecessary.  I  am 
convinced,  however,  that  the  more  extensive  ulcers  in  this  situation 
are  better  treated  by  radical  removal  of  the  entire  distal  end  of  the 
stomach,  including  the  ulcerated  and  contractured  area,  and  then 
the  end  of  the  gastric  pouch  anastomosed  directly  into  the  side  of 
the  jejunum.  This  furnishes  f)erfect  drainage,  gets  rid  of  the  entire 
acid-forming  part  of  the  stomach,  and  insures  the  patient  against 
recurrence.  Comparatively  few  cases  are  sufficiently  serious  to 
warrant  so  extreme  a  procedure,  but  in  several  instances,  after  the 
failure  of  less  radical  means  to  give  relief,  and  especially  in  the 
presence  of  secondary  jejunal  ulcers,  I  have  adopted  this  plan  with 
great  satisfaction. 
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Hour-glass  Stomach 
The  hour-glass  stomach,  if  a  single  loculus,  may  be  treated  by 
gastrogastrostomy  after  the  Watson  method  or  by  the  sleeve  resec- 
tion just  described.  We  have  found  the  results  of  either  of  these 
operations  satisfactoiy.  A  gastrogastrostomy  which  is  planned  in 
a  general  way  after  the  Finney  gastroduodenostomy  will  give  excel- 
lent results.  A  considerable  number  of  hour-glass  stomachs  have 
secondary  obstruction  in  the  vicinity  of  the  pylorus,  or  they  are 
associated  with  duodenal  ulcer.  In  either  case  gastro-enterostomy 
in  addition  to  the  treatment  of  the  hour-glass  condition  is  necessary 
(Figs.  73,  74,  75,  76).  Where  several  loculi  exist,  increasing  the 
lumen  of  each  by  a  plastic  operation  of  the  Heineke-Mikulicz  type, 
so  that  they  shall  be  converted  into  one  large  cavity,  and  then 
making  a  gastro-enterostomy,  is  most  efficient. 
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FOREIGN    BODIES    SWALLOWED    BY   AN   IN- 
SANE  WOMAN* 


DONALD    C.    BALFOUR 


The  practice,  by  professionals,  of  swallowing  foreign  bodies,  and 
the  mania  for  doing  so  by  the  insane,  have  contributed  to  medical 
literature  instances  of  the  most  grotesque  assortment  of  articles 
having  been  retained  in  the  stomach  for  long  periods  without  injury 
to  the  mucous  membrane  and  without  producing  symptoms.  The 
case  I  shall  report  is  somewhat  novel,  in  that  the  patient  exhibited 
a  preference  for  one  article,  namely,  teaspoons.  The  limit  of  this 
woman's  capacity,  had  her  habit  not  been  discovered  and  inter- 
rupted, can  only  be  conjectured.  The  nurse  in  charge  of  a  ward  at 
the  Rochester  State  Hospital  by  chance  saw  a  teaspoon  disappear 
into  the  woman's  mouth.  A  roentgenogram  was  immediately  made, 
which  showed  apparently  three  or  possibly  four  spoons  in  the 
stomach.  The  woman,  w^ho  was  twenty-nine  years  of  age,  was 
evidently  in  perfect  physical  health,  and,  as  far  as  could  be  de- 
termined, had  suffered  no  distress  or  inconvenience  from  the  pres- 
ence of  the  spoons. 

September  1,  1915,  a  gastrotomy  was  done  and  seven  teaspoons, 
instead  of  the  supposed  three  or  four,  were  found.  They  were  lying 
together  "spoon  fashion"  (which  explains  the  roentgenogram), 
and  a  hairpin,  some  straw,  and  small  pieces  of  twigs  lay  around 
them.  After  removing  the  spoons  and  debris  the  stomach  was 
carefully  examined  for  possible  injury.  However,  other  than  a 
rather  large  prolapsed  organ  and  a  hypertrophied  and  congested 
mucous  membrane  no  evidence  of  injury  was  found. 

*  Submitted  for  publication  December  29,  1915.  Reprinted  from  the  Jour. 
Amer.  Med.  Assoc.,  1916,  Ixvi,  491. 
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The  spoons,  which  were  of  plated  Utah  metal,  were  not  bent 
and  showed  no  erosion.     They  were  a  little  larger  than  a  standard 


Fijf.  77. — Foreign  bodies  swallowed  by  an  insane  woman. 


teaspoon,  being  six  inches  in  length  and  one  and  one-half  inches 
across  the  bowl.      The    patient    made   an    uneventful    recovery 

(Fig.  77). 


THE  ROENTGENOLOGIC  DIAGNOSIS  OF  DUO- 
DENAL ULCER  * 

RUSSELL    D.    CARMAN 


A  sharp  divergence  of  opinion  has  existed  among  roentgenolo- 
gists as  to  the  relative  importance  of  certain  manifestations  noted 
in  association  with  duodenal  ulcer.  This  discordance,  I  believe, 
can  be  considerably  lessened,  if  not  wholly  removed,  by  a  frank 
presentation  of  the  subject. 

Deformity  of  the  bulb,  first  pointed  out  by  Lewis  Gregory 
Cole  as  a  roentgenologic  sign  of  duodenal  ulcer,  and  which  has 
received  the  unqualified  indorsement  of  others,  has  been  re- 
garded with  skepticism  by  some  of  us.  Heretofore,  I  have  been 
among  those  who  could  not  share  Cole's  enthusiasm,  and  have 
freely  expressed  the  opinion  that  bulbar  deformity,  though  of 
occasional  diagnostic  value,  should  be  ranked  among  the  secondary 
signs.  During  the  past  year  my  experience  with  this  sign  has  led 
me  to  regard  it  with  much  greater  favor.  Though  I  would  not, 
even  yet,  place  exclusive  reliance  upon  cap  distortion  for  diagnosis, 
I  believe  it  only  fair  to  say  that  I  now  consider  this  sign  to  be  one  of 
our  best  indices,  capable  of  practical  application,  and  well  worth 
searching  for  in  those  cases  in  which  the  simpler  methods  of  exami- 
nation fail  to  establish  or  exclude  the  presence  of  duodenal  ulcer 
(Fig.  73). t 

On  previous  occasions  I  have  called  attention  to  the  following 
handicaps  to  the  diagnosis  of  duodenal  ulcer  on  bulbar  deformity : 

1.  That  irregularities  of  the  duodenal  outline  are  not  pathog- 

*  Read  before  the  American  Roentgen  Ray  Society,  Atlantic  City,  September 
«2-25,  1915. 

t  All  the  illustrations  herewith  shown  are  from  operated  cases.  All  had  duo- 
denal ulcers  except  the  cases  illustrated  in  Figs.  78,  80,  and  83. 
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nomonic  of  ulcer,  or  even  of  a  duodenal  lesion,  and  that  such  dis- 
tortion may  be  due  to  adhesions  from  some  other  process,  such  as 
pericholecystitis,  or  possibly  to  spasm  excited  by  a  remote  lesion. 

2.  That  some  ulcers  of  the  duodenum  do  not  produce  an  organic 
distortion  which  is  roentgenologically  demonstrable. 

3.  That  adequate  filling  of  the  duodenum  with  the  opaque  meal, 
and  hence  its  effective  visualization,  is  not  always  easily  obtained, 
since  it  depends  on  the  ratio  between  the  amount  passing  the 


Fig.  78.— (130.272.)    Nomuil  stomach  and  duodenal  bulb. 


pylorus  and  the  rate  of  duodenal  evacuation,  which  is  not  controlled 
by  any  distal  sphincter. 

Each  of  these  objections  I  still  consider  valid.  How,  then,  can 
they  be  reconciled  with  my  present  belief  that  bulbar  deformity  is 
one  of  our  best  indications  of  duodenal  ulcer? 

In  the  first  place,  while  irregularities  of  the  duodenal  contour 
may  be  sometimes  produced  by  pericholecystitis  and  other  ad- 
hesion-producing lesions,  or  perhaps  by  spasm  reflected  from  dis- 
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tant  sources,  deformity  due  to  such  causes  is  much  less  common 
than  deformity  resulting  from  duodenal  ulcer.  A  knowledge  of  the 
clinical  history  will  often  put  the  roentgenologist  on  guard  for  these 
possibilities.  But  distortion  of  the  duodenal  bulb  by  extraduo- 
denal  adhesions  is  probably  less  frequent  in  fact  than  in  theory. 
I  can  recall  at  least  one  instance  in  which  the  duodenum  was 
matted  in  adhesions,  yet  showed  a  normal  bulbar  contour  on  the 
plate. 

In  the  second  place,  while  some  duodenal  ulcers  produce  a  scar- 
distortion  of  the  duodenal  lumen  which  can  be  readily  seen  on  the 
roentgen  plate,  there  are  others  in  which  the  organic  deformity  is  so 
slight  that  it  cannot  appreciably  distort  the  barium  shadow\  I 
refer  especially  to  the  small  mucous  or  slit  ulcers  which  are  occa- 
sionally found  at  operation.  In  these  there  is  only  a  slight  inflam- 
matory thickening,  which  is  not  visible  when  the  duodenum  is 
exposed.  The  surgeon  recognizes  the  ulcer  by  the  sense  of  touch 
and  by  stippling  produced  by  rubbing  the  serosa  with  the  finger  or 
gauze.  The  disproportion  between  the  amount  of  distortion  that 
Cole  was  demonstrating  on  his  plates,  and  the  amount  that  I  was 
customarily  seeing  at  operation,  made  it  most  difficult  for  me  to 
accept  his  theory.  However,  when  w^e  began  to  employ  the  serial 
method  our  plates  also  frequently  showed  bulbar  deformity  greater 
than  could  be  explained  by  the  pathologic  condition  seen  at  opera- 
tion, when  the  patient  was  relaxed  by  the  anesthetic.  The  de- 
formity of  the  bulb  in  such  cases  is,  I  am  satisfied,  largely  the  result 
of  spasm,  exactly  similar  to  the  incisura  of  gastric  ulcer  or  the  spas- 
tic distortion  of  the  pars  pylorica  so  often  seen  associated  with 
prepyloric  ulcers.  On  this  hypothesis  it  is  possible  to  understand 
why  the  distortion  of  the  bulbar  shadow  is  out  of  proportion  to  the 
organic  alteration,  and  of  a  more  exaggerated  character.  Absence 
of  spasm  would  also  explain  why,  in  some  cases  of  ulcer,  no  cap 
deformity  can  be  demonstrated — an  experience  which  has  hap- 
pened to  others  than  myself. 

In  the  third  place,  with  the  patient  standing,  the  position  we 
heretofore  chiefly  employed,  the  duodenum  frequently  cannot  be 
well  visualized  because  the  barium  passes  through  it  too  rapidly- 
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But  with  the  patient  prone  or  on  his  right  side,  the  duodenum  can 
often  be  filled  and  shown  more  effectively.  Lippman,*  working 
with  Holsknecht,  found  some  advantage  in  using  the  "distinctor" 
for  blocking  the  duodenum  in  order  to  render  it  visible  during  the 
screen  examination.  With  patients  whose  abdominal  wall  is  re- 
laxed we  are  sometimes  able  to  dam  up  the  duodenal  contents  by 
manual  pressure  during  the  vertical  screen  examination.  How- 
ever, the  recumbent  position  will  usually  bring  out  the  duodenal 
contour  better  for  both  screening  and  plating.  Even  by  this 
method  there  is  frequently  considerable  difficulty  in  obtaining  a 
well-filled  bulb,  and  repeated  plating  or  a  second  examination  is 
sometimes  necessary. 

Regardless  of  explanations,  theories,  and  opinions,  the  fact 
remains  that  for  a  year  past  we  have  satisfactorily  tried  out  the 
serial  method,  though  modifying  it  in  some  particulars.  During 
this  period  our  diagnoses  of  duodenal  ulcer  have  been  confirmed  at 
operation  with  fewer  exceptions  than  before,  and  fewer  ulcers  have 
escaped  diagnosis.  We  have  not  limited  ourselves  to  this  method 
exclusively,  but  have  simply  added  serial  roentgenography  of  cer- 
tain cases  of  suspected  duodenal  ulcer  to  our  routine  screen  and 
plate  examinations.  We  have  found  that  it  is  not  always  necessary 
to  make  multiple  plates.  Under  favorable  circumstances  the  fact 
that  the  bulb  is  of  normal  contour  can  be  determined  by  the  screen 
inspection,  with  the  patient  either  upright  or  recumbent.  Con- 
versely, constant  bulbar  deformity  can  occasionally  be  clearly 
demonstrated  in  the  same  manner.  In  making  serial  plates  the 
number  made  depends  upon  the  result.  In  many  cases  the  exam- 
ination can  be  terminated  when  as  few  as  a  dozen  plates  show 
identical  and  characteristic  bulbar  deformity,  or  when  any  one 
plate  shows  a  normal  bulb. 

The  definite  bulbar  deformities  more  or  less  characteristic  of 
duodenal  ulcer  are  of  various  types,  among  which  the  following  are 
noteworthy: 

1.  General  distortion  with  sharply  outlined  projections  and 

*  Lippman,  C.  W.:  **The  Duodenum;  a  Roentgen  Study,"  Surg.,  Gyn.  and 
ObsL,  1914,  xix,  724. 
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incisura-like  indentations,  giving  the  cap  the  semblance  of  a  minia- 
ture pine-tree  or  a  bit  of  branched  coral  (Fig.  79).  This  sort  of  bulb 
almost  always  means  duodenal  ulcer.  The  distortion  is  largely 
organic;  if  partly  due  to  spasm,  the  latter  element  is  persistent  and 
unvarying.     In  some  cases  of  this  type  the  whole  contour  of  the 


Fig.  79. — (1^,344.)    Marked  deformity  of  bulb.    Large  callou5ed  ulcer,  anterior  wall  of  duodenum. 

bulb  is  deformed  (see  Fig.  79) ;  in  others  only  one  border  or  the  basal 
portion  is  decidedly  irregular.  That  a  pericholecystitis  or  adhesions 
from  other  inflammatory  processes  in  this  vicinity  may  produce  a 
similar  deformity  must  be  admitted  and  should  be  kept  in  mind  as  a 
possibility  (see  Fig.  80) .  Cancer  of  the  duodenum  is  so  rare  that  it 
should  be  thought  of  last  of  all  (Fig.  81). 

2.  The  niche  type.  The  excavation  of  the  ulcer  is  visible  as  a 
barium-filled  recess  in  the  bulbar  chamber.  It  varies  from  a  wheat- 
grain  to  a  pea,  or  larger,  in  size,  and  its  barium  content  is  usually 
denser  than  that  in  the  rest  of  the  bulb  (see  Fig.  81).  The  niche  may 
or  may  not  be  accompanied  by  spastic  incisura  (Figs.  82  and  83). 
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Fig.  80. — (1^,815.)  Definite  distortion  of  bulb,  constant  in  series.  Diagrnosed  roentgenologically 
and  Hintcallv  as  duodenal  ulcer.  At  operation  the  gall-bladder  was  found  buried  in  a  mat  of  adhesions 
which  bouna  the  duodenum  to  the  liver.    No  dtiodenal  ulcer  found. 


•  15-15 


Fig.  81.— (l-W.OOT.)    Niche  ty-pe  of  duodenal  ulcer. 
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3.  The  incisura  type  of  deformity.  The  incisura  may  be  single 
or  bilateral.  It  is  usually  small,  but  sharply  outlined,  is  evidently 
spastic,  and  presumably  occurs  in  the  plane  of  the  ulcer  (see  Fig. 
82) .  As  a  rule,  it  is  significant  of  ulcer,  but  we  have  had  one  case  in 
which  delicate  adhesions  confined  to  the  anterior  duodenal  wall 
were  the  cause  (see  Fig.  83). 

4.  A  fourth  variety  is  a  bulb  represented  by  a  very  small  mass  of 
barium  (see  Fig.  84) .  There  is  no  particular  irregularity  of  contour. 


Fig.  82.— (Ui^^^eOl.)    Incisura  type  of  bulbar  deformity. 

but  the  bulbar  shadow  is  abnormally  small.  Occasionally  it  is 
produced  by  a  stenosing  ulcer.  The  duodenum  of  a  steer-horn 
stomach,  which  often  turns  rather  abruptly  backward,  may  also 
give  this  sort  of  shadow  in  the  anteroposterior  view.  In  other 
instances  there  is  perhaps  a  scant  exit  of  barium  through  the  pylo- 
rus, or  rapid  duodenal  clearance,  or  both.  When  due  to  obstruct- 
ing ulcer,  six-hour  retention,  hyperperistalsis,  and  antral  dilatation 
are  also  present.  In  the  absence  of  these  signs  continued  plating 
should  finally  show  a  normal  bulb. 
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Fig.  83. — (1M,6S8.)  Hour-glass  duodenum.  Roentgen  diagnosis:  duodenal  ulcer.  Operation: 
Cbolecystitis,  with  a  few  delicate  cobweb  adhesions.  When  these  were  stripped  off,  the  duodenum 
assumed  a  normal  appearance.    No  ulcer  found. 


Fig.  84.-— (125,446.)    Small,  rounded  cap.  constant  in  series.    Stenosing  nicer  of  the  duodenum. 
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In  a  small  percentage  of  the  cases  the  bulb  shows  indefinite 
shading  off  here  or  there,  but  without  sharply  outlined  or  per- 
manently localized  irregularity.  In  other  words,  while  no  normal 
filled  cap  is  seen  on  any  plate,  the  observer  feels  quite  uncertain 
whether  the  bulb  is  actually  irregular  or  is  only  partially  filled. 
By  repeated  plating  or  reexamination  at  a  subsequent  time  a  com- 
pletely filled  cap,  usually  of  normal  contour,  may  be  obtained. 


Fig.  85. — (111,247.)    Diverticulum  of  duodenum,  alxive  a  stennsing  ulcer. 


What,  then,  shall  be  done  with  the  other  roentgenologic  signs  of 
duodenal  ulcer?  Shall  they  be  discarded  as  worthless.^  By  no 
means.     Let  us  invoice  them  again : 

1.  Duodenal  diverticulum. 

2.  Gastric  hypertonus,  hyperperistalsis,  and  hypermotility. 

3.  Six-hour  gastric  residue. 

4.  Antral  dilatation. 

5.  Gastrospasm. 

Either  true  or  false  diverticula  result  occasionally  from  duodenal 
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ulcer.  In  the  true  type  all  the  coats  of  the  duodenum  are  preserved 
in  the  sacculation  (Fig.  85).  True  diverticula  are  relatively  rare, 
being  found  in  less  than  1  per  cent,  of  the  total  number  of  ulcers. 
False  diverticula  result  from  perforation  of  the  ulcer  and  excavation 
of  adjacent  tissue.  These  are  somewhat  more  common  than  true 
diverticula.  Both  types  are  recognizable  roentgenologically,  and, 
when  present,  constitute  an  excellent  sign  of  duodenal  ulcer. 

The  triad  of  "hypers,"  namely,  hypertonus,  hypermotility,  and 
hyperperistalsis,  was  given  early  recognition  by  the  pioneers  in 
roentgenology  as  being  more  or  less  valuable  indications  of  duo- 
denal ulcer.  These  phenomena  are  seen  in  various  combinations, 
often  all  together.  Gastric  hypertonus  as  an  accompaniment  of 
duodenal  ulcer  may  be  explained  upon  either  one  of  two  grounds: 
First,  it  may  occur  as  a  spastic  increase  of  tone  which  stops  short 
of  the  general  reflex  gastrospasm,  familiar  to  us  as  a  sequence  of 
numerous  conditions  outside  the  stomach.  Second,  it  may  result 
from  the  effort  to  overcome  beginning  stenosis  of  the  duodenum. 
Whatever  the  reason  be,  hypertonus  is  seen  with  the  majority  of 
duodenal  ulcers,  and  perhaps  more  frequently  in  this  than  in  any 
other  condition.  True,  it  occurs  also  as  a  normal  feature  of  the 
steer-hom  stomach,  seen  now  and  then  in  persons  of  the  broad 
habitus,  and  is  an  occasional  accompaniment  of  various  pathologic 
conditions  within  and  without  the  stomach. 

Gastric  hyperperistalsis  is  notable  in  a  large  proportion  of  cases 
— I^erhaps  60  per  cent,  or  more  (Fig.  86).  It  varies  in  intensity  from 
a  slight  exaggeration  of  wave-depth  to  a  tempestuous  energy  of  con- 
traction, depending  upon  the  degree  of  obstruction.  A  distinctive 
feature  is  the  regular  succession  and  symmetric  correspondence  of 
the  waves  on  both  curvatures.  Three  or  four  pairs  may  be  seen  in 
progress  at  once,  whereas  with  the  media  which  we  employ  only  one 
or  two  pairs  are  commonly  seen  normally.  Hyperperistalsis  is  often 
intermittent  in  character,  periods  of  activity  alternating  with 
periods  of  rest.  Its  appearance  is  also  sometimes  a  little  delayed 
after  the  stomach  is  filled — not  usually,  however,  beyond  five  or  ten 
minutes.  Of  course,  we  are  all  aware  that  the  phenomenon  of 
hyperperistalsis  is  not  limited  to  duodenal  ulcer.     It  may  excep- 
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tionally  accompany  lesions  of  the  gall-bladder  or  appendix,  or  be 
seen  normally  in  the  hypertonic  steer-horn  stomach,  but  in  any  of 
these,  as  a  rule,  is  less  pronounced  than  in  duodenal  ulcer.  The 
exaggerated  peristalsis  which  can  sometimes  be  elicited  by  massage 
of  the  epigastrium  or  palpating  a  tender  appendix  soon  dies  away 


Pig.  86. — (115,616.)   Large  normal  stomach  showing  hjrperperistalsis  (thre«  waves).    Retention  of 
half  the  barium  motor  meal  after  six  hours.     Diagnosis,  duodenal  ulcer. 

when  the  stimulus  ceases.  Obstructing  pyloric  and  prepyloric 
lesions  are  sometimes  attended  by  hyperperistalsis,  but  this  is 
nearly  always  of  a  disorderly  character  as  to  the  depth  and  se- 
quence of  the  waves,  and  the  greater  curvature  is  chiefly  affected. 
Thfs  sort  of  exaggerated  hyperperistalsis  sometimes  accompanies 
duodenal   perforation.     In   estimating   the  degree  of  peristaltic 
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activity  it  is  to  be  remembered  that  peristalsis  is  more  lively  in  the 
recumbent  than  in  the  standing  posture,  and  that  it  is  influenced 
by  the  character  of  the  opaque  meal.  Comparisons  should  be 
made  under  identical  circumstances. 

A  logical  result  of  hypertonus  and  hyperperistalsis  is  hyper- 
motility,  if  no  obstruction  has  been  produced  by  the  ulcer.  Rapid 
clearance  of  the  stomach  is  also  furthered  by  the  free  patency  of  the 
pylorus,  so  often  observed.  During  screen-inspection  the  barium 
is  seen  passing  out  into  the  duodenum  in  a  copious  stream,  not 
quite  so  voluminous  as  that  remarked  with  the  gaping  pylorus  of 
cancer,  but  larger  than  normal.  The  head  of  the  six-hour  meal, 
instead  of  being  in  the  cecum  or  ascending  colon,  as  normal,  may  be 
in  the  transverse  or  even  in  the  descending  colon.  Again,  it  is  to  be 
conceded  that  hypermotility  is  not  peculiar  to  duodenal  ulcer,  and 
that  it  is  a  common  effect  of  gastric  cancer,  achylia,  and  the  diar- 
rheas. If  these  be  excluded,  as  can  usually  be  done  by  considering 
the  salient  roentgenologic  and  clinical  facts,  a  pronounced  hyper- 
motility should  strongly  suggest  the  possibility  of  a  non-obstructing 
duodenal  ulcer  being  present. 

On  the  other  hand,  more  than  one-fourth  of  these  ulcers  are 
sufficiently  obstructive  to  produce  a  six-hour  retention  in  the 
stomach.  The  testing  of  motility  by  a  modification  of  Haudek's 
double-meal  method  has  become  an  indispensable  part  of  our 
routine.  A  six-hour  retention  in  a  stomach  with  an  unbroken  con- 
tour, that  is  to  say,  without  any  roentgen  evidence  of  gastric  ulcer 
or  cancer,  should,  first  of  all,  suggest  duodenal  obstruction,  the 
most  common  cause  of  which  is  duodenal  ulcer.  If,  in  addition  to 
the  gastric  retention,  there  is  typical  gastric  hyperperistalsis,  the 
presence  of  a  duodenal  ulcer  is  well-nigh  certain.  In  short,  we 
consider  the  combination  of  these  two  signs  as  being  quite  as  diag- 
nostic as  any  other  evidence  that  can  be  obtained,  not  even  except- 
ing bulbar  deformity.  Dilatation  of  the  antrum,  while  simply  one 
of  the  later  manifestations  of  obstruction  in  the  vicinity  of  the 
pylorus,  should  at  least  arouse  suspicion  of  obstructive  duodenal 
ulcer,  since  this  is  a  frequent  cause. 

Spastic  manifestations  in  the  stomach,  such  as  migratory  in- 
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cisura  or  a  temporary  hour-glass,  are  merely  indicative  of  an  irri- 
table focus  which  may  or  may  not  be  an  ulcer  in  the  duodenum 
(Fig.  87). 

The  value  of  the^e  indirect  signs  depends  considerably  upon 
their  frankness,  their  combinations  with  each  other,  and  their  con- 
cordance with  the  general  aspects  of  the  case.     Hyperperistalsis, 


Fir.  87. — {1S4.500.)     Hyperperistalsis.     Six-hour  retention.     Diagnosis  duodenal  ulcer. 

of  a  pronounced  and  characteristic  type,  is  alone  worth  perhaps  60 
per  cent,  for  diagnosis.  Backed  by  a  good  clinical  history,  it  has 
still  greater  value,  but  there  remains  a  small  number  of  cases  in 
which  this  combination  results  from  disease  of  the  gall-bladder  or 
appendix,  so  that  it  is  more  conservative  to  carry  out  the  serial 
examination  in  addition.     There  is  always  this  to  be  said  of  indirect 
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signs,  that  where  they  fall  short  of  estabUshing  a  diagnosis,  they 
contribute  to  diagnostic  certainty,  or,  at  all  events,  guide  the 
observer  in  the  right  line  of  inquiry. 

At  the  risk  of  being  tedious  I  wish  to  reemphasize  a  point  I  have 
often  mentioned,  namely,  that  the  examiner  should  be  acquainted 
with  the  history  and  clinical  data  in  every  case.  With  this  knowl- 
edge he  is  enabled  to  direct  particular  attention  to  the  most  prob- 
able seat  of  trouble;  his  opinion  is,  as  it  should  be,  tempered  by  all 
the  facts,  and  he  is  less  likely  to  err  in  his  conclusions.  I  would  not 
be  understood  as  saying  that  the  roentgenologist  should  base  any 
diagnosis  on  the  history  only,  or  even  chiefly.  The  clinician  can  do 
that.  Nor  do  I  mean  that  a  contradicting  history  should  swerve 
the  roentgenologist  when  his  own  evidence  is  conclusive.  We  all 
recognize  the  fact  that  the  history  of  duodenal  ulcer  is  not  always 
typical.  We  know,  further,  that  the  typical  symptoms  of  duodenal 
ulcer  are  sometimes  exactly  imitated  by  those  of  a  chronic  appen- 
dicitis or  cholecystitis.  But  the  anamnesis  and  clinical  data 
in  most  instances  are  more  or  less  directive  and  eliminative. 
They  may  often  assist  in  differentiating  between  bulbar  de- 
formity produced  by  the  adhesions  of  a  pericholecystitis  and 
by  duodenal  ulcer.  A  correlation  of  all  the  findings  is  advisable, 
as  a  rule.  In  short,  I  believe  that  no  diagnosis  can  be  too  strongly 
fortified,  and  that  any  gross  discordance  between  the  findings  from 
all  sources  should  make  the  examiner  cautious  in  his  opinions.  As  a 
corollary  of  this,  I  believe  that  we  should  not  pin  our  exclusive  faith 
to  any  single  method  of  examination.  Rather,  I  think,  should  we 
make  use  of  every  technic  that  offers  help,  and  weigh  the  results  as 
a  whole. 
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In  the  presidential  address  delivered  before  the  American  Sur- 
gical Association  in  1900,  Dr.  Robert  F.  Weir^  called  attention  to 
the  surgical  possibilities  of  ulcer  in  the  duodenum.  In  his  masterly 
presentation  of  the  subject  he  dealt  chiefly  with  the  acute  cases, 
especially  those  in  which  perforation  had  taken  place.  Within  the 
following  year  the  condition  was  recognized  in  examining  patients 
in  our  clinic  and  several  patients  were  operated  on.  The  previous 
history  in  each  case  was  so  distinctive  as  to  attract  attention  at 
once.  Before  the  perforation  occurred  the  patients  suffered  from 
intermittent  digestive  disturbances,  followed  by  intervals,  some- 
times of  great  length,  in  which  they  were  fairly  well.  The  symp- 
toms complained  of  were  characteristic — ^hyperacidity,  hypersecre- 
tion, hunger  pain,  food  relief,  and,  in  the  later  stages,  the  phenom- 
ena which  accompany  obstruction. 

These  various  findings  were  most  interesting,  and  led  promptly 
to  a  more  careful  examination  in  similar  cases  in  which  we  had  been 
operating  for  so-called  pyloric  obstruction,  supposedly  due  to  ulcers 
of  gastric  origin.  The  investigation  showed  that  a  high  percentage 
of  the  ulcers  believed  to  be  pyloric  were  in  reality  in  the  first  portion 
of  the  duodenum. 

In  1904 1  reported  to  the  American  Surgical  Association  58  cases 
of  undoubted  duodenal  ulcer  in  which  C.  H.  Mayo  and  I  operated.' 
Even  at  that  time  we  had  no  conception  of  the  frequency  with 
which  duodenal  ulcer  had  occurred.  This  is  shown  by  a  compari- 
son of  the  statistics  of  cases  in  which  operation  was  done  in  our 

*  Read  before  the  Association  of  American  Physicians,  May  II,  1915,  Wash- 
ington, D.  C.    Reprinted  from  Jour.  Amer.  Med.  Assoc.,  1915,  bdv,  2036-2040 

234 


CHBONIC  DUODENAL  UliCER 


235 


clinic,  as  noted  at  subsequent  dates:  In  1904  the  relation  of  gastric 
ulcer  to  ulcer  of  the  duodenum  was:  gastric,  73  per  cent. ;  duodenal, 
27  per  cent.;  in  1907,  gastric,  52  per  cent.;  duodenal,  48  per  cent.; 


¥ig.  88. — Types  of  pyloric  vcat^k  in  relation  to  the  location  of  the  pylonu. 


in  1910,  gastric,  35  per  cent.;  duodenal,  65  per  cent.;  in  1914, 
gastric,  27  per  cent.;  duodenal,  73  per  cent. 

Our  work  during  this  early  period  was  greatly  stimulated  by  the 
splendid  contributions  of  Robson  and  Moynihan,  whose  observa- 
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lions  and  results  agreed  with  those  in  our  cHnic.  The  fact  that 
surgeons  working  simultaneously  in  different  countries  should 
come  to  the  same  conclusion  seemed  very  significant. 

The  idea  that  duodenal  ulcer  was  more  frequent  than  gastric 
ulcer  was  slowly  evolved.  Surgeons  investigating  conditions  at  the 
operating  table  were  more  readily  convinced  than  physicians  work- 
ing along  the  lines  of  specialized  gastro-enterology.  A  prominent 
specialist  in  gastro-intestinal  diseases  once  asked,  "How  is  it  pos- 
sible that  you,  a  general  surgeon,  see  so  many  of  these  cases  while  I, 
who  am  devoting^all  my  time  to  this  work,  see  so  few?  "  I  could 
only  answer,  "The  thickness  of  the  abdominal  wall  prevents  you 
from  seeing  them." 

Postmortem  statistics  have  been  and  are  still  quoted  in  opposi- 
tion to  the  view  that  duodenal  ulcer  is  a  frequent  condition.  For 
example,  the  statistics  of  Rokitansky,'  master  pathologist,  were 
published  in  1839.  Brinton,*  whose  statistics  are  so  readily  quoted 
on  every  occasion,  published  his  work  in  1857.  These  did  not 
represent  Brinton's  personal  observations,  but  what  he  had  gleaned 
from  postmortem  records  obtained  from  diverse  sources  previous 
to  that  time  and  did  not  necessarily  represent  facts,  but  their  inter- 
pretation in  the  light  of  the  time  when  the  statistics  were  compiled. 
The  statistical  method  of  settling  such  questions  is  none  too  good  at 
best,  and  when  the  statistics  are  from  fifty  to  seventy-five  years 
old,  they  can  hardly  be  accepted  as  representing  modern  thought 
on  the  subject  of  gastric  and  duodenal  ulcers. 

The  methods  of  clinical  study  have  been  even  more  chaotic. 
For  example,  compare  the  clinical  diagnoses  of  gastric  ulcer  on 
admission  to  the  hospital  with  the  necropsy  findings  ten  years  ago. 
Take  three  hospitals  in  Philadelphia:  University  Hospital,  clinical 
diagnosis  of  gastric  ulcer,  0.48  per  cent.;  Pennsylvania  Hospital, 
clinical  diagnosis,  0.13  per  cent.;  Blockley  Hospital,  as  the  result 
of  necropsy  findings,  giving  1.42  per  cent,  of  gastric  ulcer  (Fran- 
cine  ^) .  In  other  words,  in  two  hospitals  of  exactly  the  same  charac- 
ter in  the  same  city  ulcer  was  diagnosed  clinically  nearly  four  times 
as  often  as  in  the  other,  while  both  fall  short  of  the  actual  postmor- 
tem findings  in  the  third  hospital  from  three  to  eleven  times. 
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Duodenal  ulcer  was  seldom  mentioned  as  a  clinical  or  necropsy 
finding.  Francine  says:  "We  cannot  base  accurate  or  conserva- 
tive conclusions  on  data  obtained  from  clinical  observation." 

Without  going  further  into  the  question  of  the  relative  fre- 
quency of  gastric  and  duodenal  ulcers,  it  may  easily  be  seen  that  the 


Fie.  89. — Interrupted  seromuscular  sutures,  posterior  row.  in  place.  Peritoneal  and  muscujar 
coats  of  jejunum  incised  to  mucosa.  Dotted  line  on  stomach  indicates  line  of  incision,  a.  Line  of  in- 
cision in  jejunum,  not  opposite  mesentery,  but  on  the  upper  left  side;  6,  line  of  incision  in  jejunum. 


clinical  and  postmortem  demonstration  of  peptic  ulcers  has  been, 
to  say  the  least,  misleading.  The  Germans,  who  were  slow  to  in- 
vestigate duodenal  ulcer,  were  the  greatest  comfort  to  those  who 
did  not  believe  that  duodenal  ulcer  occurred  with  any  degree  of 
frequency.  A  celebrated  German  surgeon  said  in  explanation: 
"We  relied  too  much  on  the  supposed  knowledge  of  the  gastro- 
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intestinal  specialist;  he  was  so  positive  that  we  really  thought  he 
knew."  The  change  in  opinion  in  Germany  within  the  last  two 
years  has  been  very  remarkable,  and  is  best  demonstrated  by 
Kiimmeirs^  statistics  of  the  Eppendorf  Hospital.  Quoting  from 
his  recent  paper:  "It  is  not  uninteresting  for  me  to  explain  to  you 
how  in  the  relatively  short  time,  especially  within  the  last  few  years, 
the  number  of  duodenal  ulcers  has  increased  among  us,  and  how  a 
notable  gain  in  the  actual  objective  material  in  our  pathologic  insti- 
tides  has  been  brought  to  light  by  Frankel" 

RELATIVE  NUMBER  OF  GASTRIC  AND  DUODENAL  UXCERS 
(Kt)MMELL) 

From  1897  to  end  of  1911 191  gastric  ulcers  to  16  duodenal 

1912 10  gastric  ulcers  to    7  duodenal 

1913 11  gastric  ulcers  to  30  duodenal 

First  three  months,-  1914 no  gastric  ulcers  to  12  duodenal 

Of  equal  significance  is  the  work  of  Schrijver,^  of  Amsterdam, 
who  shows  the  same  striking  increase  in  the  recognition  of  duodenal 
ulcer.  Those  experiences  can  be  multiplied  from  all  the  advanced 
European  clinics.  The  clinical  frequency  of  duodenal  ulcer  has 
been  demonstrated  by  exact  methods  under  the  sense  of  sight  in  the 
operating-room. 

Wilkie,*  of  the  Royal  Infirmary  of  Edinburgh,  has  found  41 
(9.9  per  cent.)  duodenal  ulcers  in  490  postmortems.  In  only  6 
cases  had  antemortem  diagnoses  been  made;  in  these  oi>erations 
had  been  done.  Wilkie  quotes  Gruber  that  75  per  cent,  of  duode- 
nal ulcers  found  after  death  had  not  been  diagnosed  during  life. 

The  experimental  production  of  gastric  and  duodenal  ulcers  as 
yet  appears  to  have  little  bearing  on  chronic  callous  ulcer.  There 
is  a  type  of  acute  ulcer,  probably  toxic  in  origin,  which  gives  rise  to 
sudden  severe  symptoms,  often  followed  by  perforation  or  hem- 
orrhage. These  patients,  left  untreated,  either  die  or  completely 
recover  within  a  few  weeks.  The  ulcers  are  multiple;  there  is  no 
callus,  and  several  ulcers  may  perforate  simultaneously.  So  far  as 
I  have  been  able  to  observe,  experimental  ulcers  belong  to  this  class 
and  are  of  very  little  value  in  determining  the  character  and  posi- 
tion of  the  chronic  callous  ulcer  of  the  duodenum.       The  latter  are 
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usually  single,  seldom  begin  with  an  acute  attack,  and  as  a  rule  the 
earlier  symptoms  are  less  severe  than  the  later  ones. 

It  is  interesting  to  speculate  as  to  what  diagnoses  were  made  in 
the  cases  of  duodenal  ulcer  prior  to  our  present  knowledge.  It  is 
altogether  probable  that  a  large  percentage  of  chronic  duodenal 
ulcers  were  not  diagnosed  at  all.     Some  were  believed  to  be  gastric 


Fig.  90. — Upper  figure  shows  through-and-throuph  catgut  suture  of  posterior  wall  before  opening 
the  mucosa.     Dotted  line  shows  where  mucosa  is  divided.    Lower  figure  shows  mucosa  flaps  stitched 
t  with  catgut  suture. 


ulcers.  A  high  percentage  of  acute  perforations  were  believed  to  be 
acute  appendicitis,  since  the  fluids  quickly  gravitate  into  the  right 
iliac  fossa,  and  the  appendix  as  well  as  the  surface  of  the  intestine 
early  shows  marked  evidences  of  peritonitis.  Ten  years  ago  it  was 
taught  that  an  appendix,  apparently  normal  in  its  mucosa,  under 
certain  conditions  permitted  bacteria  to  pass  into  the  peritoneal 
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cavity,  causing  septic  peritonitis.  The  mistake  was  often  not  dis- 
covered, even  at  operation,  and  the  death  of  the  patient  came  after 
extensive  peritoneal  involvement  had  obscured  the  site  of  perfora- 
tion in  the  duodenum  sufficiently  to  prevent  recognition.  The 
experience  of  the  Massachusetts  General  Hospital  as  reported  by 
Codman'^  is  instructive  in  this  respect. 

I  shall  not  go  into  the  question  of  the  etiolog>'  of  duodenal  ulcer. 
It  is  quite  evident  that  the  same  causes  which  produce  gastric  ulcer 
produce  duodenal  ulcer.  The  thrombosis  and  embolism  theor>% 
the  nerve  theory,  the  bacterial  theory,  the  mechanical  theory,  and 
the  erosion  theory  all  have  their  advocates.  The  latest  recruit  to 
the  infection  theory  is  Rosenow,^*^  whose  splendid  investigation  as 
to  the  relation  of  the  streptococci  in  the  terminal  capillaries  of  the 
mucosa  to  ulcer  of  the  stomach  and  duodenum  is  most  illuminating. 
This  theory  is  borne  out  by  the  edematous  inflammatory'  character 
of  the  ulcerous  duodenum  found  when  operating  during  an  exacer- 
bation of  the  symptoms,  and  further  by  the  fact  that  following  acute 
perforation  of  an  ulcer,  if  the  patient  is  so  fortunate  as  to  recover, 
the  ulcer  heals  as  though  some  harmful  agent  had  been  extruded. 
If  later  other  symptoms  are  manifested,  they  are  due  to  the  obstruc- 
tion or  deformity  which  follows  in  the  wake  of  ulcer. 

One  possible  source  of  injury  to  the  mucosa  of  the  lesser  curva- 
ture of  the  stomach  and  duodenum  which  may  have  some  bearing 
on  the  etiology  of  peptic  ulcer,  and  also  to  cancer  of  the  stomach,  is 
hot  drinks.  Solid  food  is  masticated  in  the  mouth,  and  then  passes 
into  the  fundus  of  the  stomach,  where  it  is  retained  during  the  early 
period  of  gastric  digestion.  If  the  food  is  verj'^  hot,  it  is  more  or  less 
cooled  in  the  act  of  mastication,  but  drinks  are  taken  into  the 
stomach  much  hotter  than  can  be  borne  in  the  mouth.  Any  one 
taking  the  trouble  to  experiment  will  probably  find  they  have  been 
in  the  habit  of  swallowing  fluids  much  too  hot  to  be  held  in  the 
mouth  comfortably.  The  stomach  and  duodenum  give  little  im- 
mediate indication  that  the  fluid  is  too  hot.  These  hot  fluids  are 
carried  rapidly  along  the  lesser  curvature  into  the  duodenum  to  the 
exact  situation  in  which  the  majority  of  ulcers  are  found,  possibly 
removing  the  protective  mucus  which  prevents  autodigestion  and 
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which  may  result  in  chronic  irritation.  Extremely  cold  drinks  may 
have  the  same  effect.  Primitive  men  and  animals  do  not  take 
their  drinks  hot  and,  so  far  as  we  know,  seldom  have  gastric 
cancer. 

The  experiments  of  Jefferson^^  as  to  the  canalis  gastricus  have 
sho\^Ti  that  liquids,  when  taken  in  considerable  quantity,  pass 
rapidly  along  the  lesser  curvature  and  into  the  duodenum  without 
mixing  with  the  food-mass  in  the  fundus. 


Fig.  91. — ^SUy  suture  distal  to  the  anastomosis  and  suture  of  margin  of  the  openin;;  in  mesocolon 
to  stomach.    Note  that  stomach  hangs  below  transverse  mesocolon,  making  a  funnel. 


The  pyloric  veins  are  most  valuable  in  differentiating  gastric 
from  duodenal  ulcer.  A  short,  stumpy  vein  comes  out  from  above, 
and  another  from  below,  the  pylorus,  sometimes  sending  a  small 
branch  across  the  top  of  the  pylorus  (Fig.  88).  These  veins  are 
quite  unlike  the  vessels  of  other  situations  of  the  stomach,  and  when 
their  peculiarities  have  once  caught  the  eye,  they  serve  readily  to 

'15—16 
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locate  the  pyloric  ring.  Gastric  ulcer  in  the  pyloric  end  of  the 
stomach  is  not  often  mistaken  for  duodenal  ulcer,  but  for  cancer,  as 
in  this  situation  a  tumor  usually  forms  in  connection  with  the  ulcer 
as  the  result  of  muscular  hypertrophy  and  edema. 

The  larger  number  of  ulcers  of  the  duodenum  are  located  in  the 
first  IJ/^  inches,  more  often  on  the  anterior  wall.  A  number  begin 
just  below  the  pylorus,  and  at  first  glance  they  appear  to  involve 
the  pyloric  ring,  especially  when  extensive  and  obstructive,  but 
careful  examination  will  show  that  they  are  duodenal.  The  deeper, 
larger  ulcers  and  those  which  bleed  excessively  are  more  often 
situated  on  the  posterior  wall,  the  callus  sometimes  extending  into 
the  head  of  the  pancreas.  Such  ulcers  may  be  concealed  from  \'iew 
underneath  the  pyloric  ring,  but  seldom  involve  the  gastric  mucosa. 
When  an  ulcer  is  situated  on  the  posterior  wall,  a  superficial  contact 
ulcer  will  usually  be  found  opposite  on  the  anterior  wall.  The 
mucosa  of  the  duodenum  is  thin,  smooth,  and  granular,  and  chronic 
duodenal  ulcers  may  not  therefore  have  the  characteristics  we  have 
learned  to  expect  from  experience  with  gastric  ulcers.  I  have 
excised  a  number  of  duodenal  ulcers  in  which  there  was  considerable 
scar  tissue  in  the  submucosa  and  muscularis  and  marked  evidence 
of  localized  peritonitis;  yet  the  actual  ulcer  was  a  mere  slit  or 
dimple  surrounded  by  an  eroded,  discolored,  "moth-eaten"  patch 
of  mucosa.  This  is  the  type  of  ulcer  which  occurs  on  the  anterior 
wall  unless  there  is  a  corn-like  thickening  over  the  top  of  the  ulcer, 
in  which  case  it  will  have  the  size,  depth,  and  callus  characteristic 
of  gastric  ulcer. 

Ulcers  may  exist  in  the  duodenum  at  any  point  above  the  open- 
ing of  the  common  duct  or  even  down  as  low  as  the  opening.  I 
have  observed  three  cases  marked  by  repeated  hemorrhage  in  which 
the  ulcer  involved  the  papillae  of  the  common  duct  on  its  superior 
surface. 

A  high  percentage  of  duodenal  ulcers  perforate  the  mucosa  and 
muscularis  to  the  peritoneal  coat.  These  are  classified  as  chronic 
perforations;  complete  perforation  having  been  prevented  by 
thickening  of  the  peritoneum  or  adhesions  to  the  gall-bladder, 
omenta,  suspensory  ligament  of  the  liver,  etc.     Many  times  an 


CHRONIC  DUODENAL  ULCER  243 

acute  perforation  actually  takes  place  with  the  recovery  of  the 
patient,  since  the  opening  may  be  small,  allowing  but  little  fluid  to 
escape  and  that  fairly  sterile.  In  such  cases  patients  have  a  local- 
ized peritonitis  with  extreme  pain  lasting  for  several  days  and  then 
make  a  spontaneous  recovery.  I  have  explored  a  number  of  such 
cases  during  an  attack  of  acute  localized  peritonitis  and  have  dis- 
covered the  duodenal  opening  which  had  been  spontaneously  closed 
by  adhesions.  Occasionally  absorption  of  the  escaping  products 
is  incomplete,  and  a  phlegmon  forms,  usually  underneath  the  liver, 
which  can  be  opened  and  drained.  If  this  is  done  gently,  the  origi- 
nal source  of  leakage  in  the  duodenum  will  probably  not  be  re- 
opened. 

The  symptomatology  of  duodenal  ulcer  is  so  well  known  that  in 
the  typical  cases  failure  of  diagnosis  should  not  occur.  The  hunger 
pain  and  food  relief,  hyperacidity  and  hypersecretion,  and,  in  the 
later  stage,  obstructive  phenomena,  leave  little  doubt  as  to  the 
character  of  the  lesion.  Failure  in  differential  diagnosis  may  be 
due  to  accompanying  diseases  of  the  gall-bladder,  appendix,  etc., 
which  occur  in  about  16  per  cent.  In  our  experience,  actual  hem- 
orrhage takes  place  in  somewhat  less  than  25  i>er  cent,  of  the  cases, 
but  if  one  is  satisfied  to  ask  the  patient  questions  and  accept  doubt- 
ful evidence  as  to  black  stools,  etc.,  this  percentage  can  be  increased 
to  as  much  as  70  per  cent.  We  have  not  found  occult  blood  a 
reliable  symptom  and  do  not  attach  a  great  deal  of  importance  to 
it.  I  say  this  with  some  reluctance,  since  many  diagnosticians  for 
whom  I  have  the  highest  respect  believe  that  it  is  a  diagnostic  sign 
of  very  great  importance. 

The  roentgen  ray  is  a  very  important  and  increasingly  valuable 
means  of  diagnosis.  When  taken  in  conjunction  with  the  clinical 
history,  a  diagnosis  can  be  made  in  approximately  95  per  cent,  of 
cases. 

The  physical  examination,  including  the  use  of  the  stomach- 
tube,  is  important  as  evidencing  hypersecretion  and  food  retention, 
tumor,  visible  peristalsis,  etc.  Laboratory  diagnosis,  that  is,  mi- 
croscopic and  chemical  examination  of  gastric  contents,  has  some 
value,  but  is  largely  of  a  corroborative  nature  and  has  been  very 
greatly  overestimated.     Dividing  into  four  groups  the  means  of 
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diagnosis,  the  history  is  of  first  importance,  the  roentgen  ray 
second,  the  physical  examinations  (stomach-tube  findings,  etc.) 
third,  and  the  purely  laboratory  findings  a  poor  fourth. 

One  of  the  most  curious  phenomena  connected  with  duodenal 
ulcer  is  its  intermittency.  The  disease  usually  begins  in  young 
males  (83  males  to  17  females);  after  a  period  of  some  weeks  of 
symptoms  there  is  a  cessation,  more  or  less  complete,  and  the  patient 
goes  for  months  without  any  knowledge  of  his  ailment.  Then  the 
*  symptoms  recur  and  after  a  time  the  usual  remission  takes  place. 
This  may  go  on  for  years  until  finally  obstruction  supervenes  and 
the  symptoms  become  more  or  less  constant,  although  the  gastric 
muscles  may,  by  hypertrophy,  become  competent  to  overcome  con- 
siderable obstruction,  in  this  respect  acting  quite  like  the  heart  in 
valvular  disease — periods  of  competency  followed  by  periods  of 
incompetency. 

A  study  of  the  history  of  the  natural  course  of  chronic  duodenal 
ulcer  makes  the  prospects  of  permanent  cure  by  medical  means 
open  to  question.  I  have  seen  a  number  of  so-called  "medical 
cures"  arid  have  not  been  able  to  determine  that  there  was  any 
material  difference  between  them  and  the  spontaneous  remissions. 
The  ulcer,  as  far  as  roentgen-ray  evidence  is  concerned,  shows  no 
physical  change  in  the  period  of  improvement.  In  operating  dur- 
ing this  period,  no  sign  of  healing  is  found.  By  means  of  alkalis, 
restricted  diet,  frequent  feeding,  largely  milk  and  cream,  whereby 
chemical  corrosions  are  controlled,  patients  with  chronic  duodenal 
ulcers  are  relieved;  a  remission  of  the  symptoms  being  secured  and 
maintained  for  an  indefinite  length  of  time.  But  such  patients 
cannot  be  looked  on  as  cured  unless  they  can  go  back,  without  a 
recurrence  of  trouble,  to  the  regular  diet  of  the  grade  and  character 
obtainable  by  the  average  man.  As  a  matter  of  fact,  relapse  usu- 
ally takes  place  under  such  circumstances,  and  the  dangers  of  per- 
foration and  hemorrhage  are  ever  present. 

Other  things  being  equal,  after  failure  of  reasonable  medical 
treatment,  patients  with  unhealed  chronic  duodenal  ulcer  should  be 
considered  surgically.  To  evade  operation  in  the  unhealed  case  is, 
I  believe,  a  risk  not  commensurate  with  the  value  received  from 
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operative  interference.  No  class  of  patients  gives  better  results 
following  surgical  intervention. 

A  recurrence  of  symptoms  after  operation  is  most  often  due  to 
defective  surgical  technic,  usually  a  gastro jejunal  stitch  ulcer 
occurs,  caused  by  the  use  of  continuous  silk  or  linen  threads.  Such 
sutures  may  hang,  causing  ulceration  and  trouble  for  months  or 
years.  The  stitch  ulcer  produces  the  same  symptoms  as  the  origi- 
nal ulcer:  hunger-pain,  food-relief,  hypersecretion,  and  hyperacid- 
ity. I  have  reason  to  believe  that  many  of  the  poor  results  follow- 
ii^g  gastro-enterostomy  are  the  sequelae  of  sutures  which  have 
finally  passed  out. 

The  clinical  course  of  stitch  ulcers  is  quite  typical.  The  patient  is 
operated  on  for  chronic  duodenal  ulcer  and  gastro-enterostomy  is 
done.  He  is  relieved,  and  for  from  three  to  six  months  feels  fairly 
well;  he  then  begins  to  develop  the  former  symptoms  and  it  is  sup- 
posed that  the  original  ulcer  has  recurred.  In  the  course  of  some 
weeks  or  months,  about  the  time  the  suture  finally  separates, 
gradual  improvement  takes  place. 

Recently  a  large  number  of  articles  have  appeared  dealing  with 
the  necessity  of  closure  of  the  pylorus  to  prevent  food  from  passing 
down  into  the  ulcerated  area.  The  evidence  as  to  the  necessity  of 
this  procedure  is  not  clear.  Stitch  ulcers  and  improperly  selected 
patients  are  responsible  for  the  recurrence  of  the  symptoms  in  most 
instances.  We  have  not  found  that  the  patients  in  whom  the 
pylorus  was  blocked  have  in  any  way  had  results  sui>erior  to  those 
in  whom  it  was  not  blocked  following  simple  gastro-enterostomy. 
If  perforation  is  impending,  I  think  it  wise  to  block  the  pylorus  and 
cover  the  ulcer;  if  there  have  been  hemorrhages,  this  should  be 
done  and  the  vessels  in  the  vicinity  of  the  ulcer  carefully  tied.  But 
there  is  no  evidence  that  the  routine  blockage  of  the  pylorus  is 
advisable  or  necessary,  and  if  it  cannot  be  done  without  additional 
risk,  I  think  perhaps  it  had  better  be  left  undone. 

The  enthusiastic  operator  who  has  made  gastro-enterostomies 
because  of  symptoms  or  of  supposititious  ulcers  which  he  believed 
he  could  see  or  feel,  has  greatly  harmed  gastric  and  duodenal  sur- 
gery. In  our  clinic  more  than  100  unnecessary  gastro-enteros- 
tomies have  been  cut  off  because  of  secondary  complications,  such  as 
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chronic  bile  regurgitation,  etc.  Fourteen  of  these  were  our  own 
patients  operated  on  in  the  early  period,  when  it  was  not  understood 
that  a  patient  should  not  be  operated  on  unless  the  ulcer  could  be 
actually  demonstrated.  At  the  time  of  these  secondary  operations 
careful  search  did  not  reveal  evidence  that  ulcer  of  the  stomach  or 
duodenum  had  ever  existed.  Now  that  blockage  of  the  pylorus- 
has  become  popular,  an  alibi  is  established  in  advance  inasmuch  as 
the  scar  made  by  the  ultimate  passage  of  the  suture  into  the  gastro- 
intestinal lumen  creates  a  reasonable  doubt  as  to  whether  the  scar  is 
due  to  the  healed  ulcer  or  to  the  thread.  In  other  words,  pyloric 
blockage  often  establishes  false  testimony. 

In  the  large  majority  of  cases  gastro-enterostomy  is  the  ideal 
operation  for  duodenal  ulcer,  with  or  without  infolding  the  ulcer 
(Figs.  89, 90,  and  91) .  In  selected  cases,  excision  of  the  ulcer  in  eon- 
junction  with  the  gastroduodenostomy  of  Finney  is  the  operation  of 
choice.  In  those  rare  cases  in  which  true  jejunal  ulcer  forms  follow- 
ing gastro-enterostomy,  the  jejunal  ulcer  should  be  excised,  the 
stomach  and  jejunal  openings  closed,  and  the  Finney  oi>eration  done 
after  cutting  off  the  gastro-enterostomy.  Following  surgical  inter- 
vention, the  patient  should  be  under  good  medical  advice  until 
permanent  cure  is  assured. 

REFERENCES 

1.  Weir:  Address  of  the  President:  "  Perforating  Ulcer  of  the  Duodenum."  Trans. 

Amer.  Surg.  Assoc.,  1900,  xviii,  1-87. 
i.  Mayo:  W.  J.:  "Duodenal  Ulcer,  a  Clinical  RcN-iew  of  Fifty-eight  Operated 

Cases  with  Some  Remarks  on  Gastrojejunostomy,"  Ann.  Surg.,  1904,  xl,  900. 

3.  RokiUnsky:  Oesterreich  Med.  Jahrb.,  1839.  xviii,  quoted  by  Welch,  W.  H., 

"Simple  LUcer  of  the  Stomach,"  in  Pepper's  System  of  Medicine,  Philadelphia, 
1886,  ii,  481. 

4.  Brinton:  On  the  Patholo^.  Symptoms  and  Treatment  of  Ulcer  of  the 
Stomach,  London,  Churchill,  1857. 

5.  Francine:  "The  Incidence  of  Gastric  and  Duodenal  Ulcer  in  Philadelphia," 
Amer.  Jour.  Med.  Sci.,  1905,  xxix,  429. 

6.  KUmmell:  "Zur  Chirurgie  des  Ulcus  Duodeni,"  Beitr.z.  klin.  Chir.,  1914,  xcii, 
290. 

7.  Schrijver:  Das  Ulcus  Duodeni,  Berlin,  Karger,  1914. 

8.  Wilkie:  "Observations  on  the  Pathology  and  Etiology  of  Duodenal  Ulcer," 
Edinburgh  Med.  Jour.,  1914,  xiii,  196. 

9.  Codman:  "On  the  Importance  of  Distinguishing  Simple  Round  Ulcers  of  the 
Duodenum  from  those  Ulcers  which  Involve  the  Pylorus  or  are  above  it," 
Pub.  Mass.  Gen.  Hospital  Med.  and  Surg.  Papers,  1910,  iii,  3582;  "Diag- 
nosis of  Ulcer  of  the  Duodenum,"  ibid,  p.  83. 

10.  Rosenow:  "Production  of  Ulcer  of  the  Stomach  by  Injection  of  Streptococci," 
Jour.  Amer.  Med.  Assoc.,  1913.  Ixi,  1947. 

11.  Jefferson:  Jour.  Anat.  and  Physiol.,  1915,  xlix,  165. 


ROENTGEN  OBSERVATION  OF  THE  GALL- 
BLADDER AND  HEPATIC  DUCTS  AFTER 
PERFORATION  INTO  THE  DUODENUM  * 


RUSSELL   D.    CARMAN 


The  roentgenologic  demonstration  of  a  barium-filled  gall-blad- 
der in  a  living  patient  is  sufficiently  unusual  to  warrant  its  report. 
So  far  as  I  am  aware,  no  similar  case  confirmed  by  operation  or 
necropsy  has  appeared  in  the  roentgen  literature. 

The  patient,  a  woman  aged  fifty-four,  had  had  a  cholecystos- 
tomy  for  gall-stones  in  January  of  this  year,  elsewhere.  She  came 
to  the  Mayo  Clinic  May  22d.  In  the  scar  of  the  oi>eration  wound 
were  two  sinuses  discharging  pus,  and  surrounded  by  a  movable, 
nodular  mass.  The  total  acidity  was  4,  all  combined;  no  food 
remnants.  Hemoglobin,  80  per  cent.  The  clinical  symptoms  con- 
sisted chiefly  of  some  hunger  distress,  belching,  and  watery  regurgi- 
tation. 

At  the  roentgen  examination  no  retention  from  the  six-hour 
meal  was  found.  When  the  stomach  was  filled  with  the  second 
meal,  the  pyloric  end  showed  a  smooth,  concentric  filling  defect, 
giving  the  lumen  a  conical  form,  and  typical  of  scirrhous  carcinoma. 
Far  up  in  the  right  abdominal  quadrant  was  a  dense  collection  of 
barium  with  sprig-like  branches  (Fig.  92).  From  its  situation  this 
was  believed  to  be  in  the  gall-bladder,  indicating  a  communication 
between  it  and  the  upper  intestinal  tract,  which  was  reported  to  the 
clinicians  in  charge  of  the  case.  The  tendril-like  branches  were 
deemed  to  be  due  to  the  extension  of  barium  into  the  hepatic  ducts. 

At  operation  (E.  H.  Beckman,  June  28,  1915)  the  external 
sinuses  were  found  to  lead  into  a  dense  carcinomatous  mass  sur- 

*  Reprinted  from  Jour.  Amer.  Med.  Assoc.,  1915,  Ixv,  1812. 
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rounding  the  gall-bladder  and  involving  the  stomach.  By  reason 
of  its  extent  the  cancer  was  not  exsectable.  The  gall-bladder  itself, 
which  was  excised,  simply  showed  a  chronic  cholecystitis  with  par- 
ticles of  barium  adherent  to  the  mucosa.  The  fundus  of  the  gall- 
bladder communicated  with  the  duodenum  through  a  perforation. 


Fig.  0£. — Roentgenogram:  A,  Carcinoma,  pyloric  end  of  stomach;  B,  duodenum;  G.  B.,  barium  in  gall- 
bladder; C,  barium  in  hepatic  ducts. 


At  necropsy  on  the  following  day  the  perforation,  which  had 
been  covered  by  the  surgeon  as  well  as  possible,  was  found  in  the 
anterior  wall  of  the  first  portion  of  the  duodenum,  toward  the  for- 
mer site  of  the  gall-bladder.  Metastases  were  noted  in  the  liver. 
Some  barium  was  seen  in  the  hepatic  ducts. 


PAPILLOMAS  OF  THE  GALL-BLADDER* 

CHARLES    H.    MAYO 


Few  new  operations  on  the  gall-bladder  have  been  developed 
recently.  Very  early  in  the  surgery  of  gall-stones  cholecystotomy, 
cholecystostomy,  and  cholecystectomy  were  common  procedures, 
some  surgeons  advocating  one  and  some  another. 

Later,  exploration  of  the  ducts,  especially  in  cases  in  which 
jaundice  was  or  had  been  a  factor,  was  practised  by  some  surgeons, 
who  reported  an  unusually  large  i>ercentage  of  cases  of  common- 
duct  disease,  as  primary  instead  of  secondary  surgical  procedures. 
Such  examinations  also  disclosed  pancreatitis  of  some  form  as  an 
occasional  complication.  Pancreatitis  had  been  considered  a  rare 
disease  by  those  who  did  not  explore  and  whose  knowledge  was  de- 
rived from  autopsy  reports.  Such  explorations  at  the  operating- 
table  led  to  the  cure  of  a  larger  percentage  of  cases,  many  patients 
being  saved  time  and  dangers  of  a  second  operation.  The  same 
can  be  said  of  examinations  of  the  appendix  for  associated  disease 
at  op>erations  on  the  stomach  and  duodenum  for  ulcer. 

In  an  early  day  surgeons  were  often  chagrined  in  operating  for 
gall-stones  to  find  no  evidence  of  stone,  but  an  apparently  healthy 
gall-bladder.  In  these  cases  general  exploration  was  forced  upon 
them,  and  thus  the  advantage  of  always  exploring,  when  not  con- 
traindicated,  became  an  accepted  routine  of  abdominal  operations. 
Cholecystitis  associated  with  stone  formation  was  commonly  noted. 
Thick-wall  gall-bladders  without  stones,  but  giving  symptoms 
of  cholecystitis,  were  next  drained  or  removed.  Stones  were  oc- 
casionally found  in  thin-wall  and  blue  gall-bladders,  which,  when 

*  Read  before  the  American  Surgical  Association,  June  10,  1915.  Reprinted 
from  Annals  of  Surgery,  1915,  Ixii,  198-197. 
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free  from  adhesions,  formerly  had  been  considered  free  from  disease. 
Some  such  gall-bladders,  upon  eholecystostomy,  showed  the  pe- 
culiar markings  of  "strawberry"  mucosa  (Fig.  93).  It  was  then 
appreciated  that  disease  of  the  mucosa  could  exist  in  a  gall- 
bladder which,  from  its  external  appearance,  was  apparently 
healthy.  In  cases  in  which  well-marked  symptoms  of  gall-bladder 
disease  existed  the  gall-bladder  was  opened,  examined,  and  drained, 
or  removed  according  to  the  personal  judgment  of  the  ojjerator 
after  he  had  proved  to  his  satisfaction  that  the  symptoms  were  not 


Fig.  93.— CIS«,85«.)     Strawberry  gidl-W«dder. 


caused  by  other  abdominal  conditions.  Such  gall-bladders  were 
described  as  "catarrhal,"  a  term  which  always  leads  one  to  think 
of  an  excessive  mucous  secretion  or  of  mucosa  with  a  diseased 
surface,  but  which  really  means  inflammation  at  the  base  of  the 
cells  involved. 

If  an  inflammation  is  from  bacterial  infection,  the  lymphatics 
draining  the  diseased  area  are  enlarged  and  soft  in  acute  processes 
and  harder  in  chronic  processes,  from  exerting  their  protective 
function  against  acute  general  involvement  by  absorption.  Lym- 
phatic glands  are  always  located  at  the  neck  of  an  organ  in  movable 
tissues  adjacent  to  the  vascular  supply.     There  are  two  or  three 
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glands  on  the  cystic  duct  and  several  along  the  hepatic  and  com- 
mon ducts;  the  latter  drain  the  head  of  the  pancreas  and  the  duo- 
denum. Inflammation  of  the  pancreas,  however,  usually  involves 
also  the  gall-bladder  or  ducts.  Ulceration  of  the  duodenum  may 
cause  swelling  of  these  glands.  If  the  symptoms  of  gall-bladder 
disease  indicate  exploration,  and  upon  examination  there  are  no 
gall-stones  and  but  little  change  in  the  appearance  of  the  gall- 
bladder, these  glands  should  be  palpated.  Given  sufficient  symp- 
toms for  surgical  intervention,  if  these  glands  are  swollen  without 
other  adequate  cause,  as  from  diseased  duodenum,  pancreas,  or 
general  abdominal  infection,  the  gall-bladder  should  be  removed 


Fig.  04.— (A106.A00.)     Papillomas. 


whether  i^r  not  stones  are  present.  On  the  other  hand,  given  such 
symptoms,  if  no  gall-stones  are  found  and  if  the  glands  are  not 
swollen,  then  some  other  cause  for  the  symptoms  must  be  searched 
for,  since  the  patient  probably  will  not  be  reHeved  by  an  operation 
on  the  gall-bladder. 

What  causes  inflammation  of  the  gall-bladder?  There  are 
several  theories:  First,  that  of  an  ascending  infection  from  the 
duodenum  by  way  of  the  ducts;  second,  infection  by  way  of  the 
lymphatics;  and  third,  infection  by  the  portal  route  through  the 
liver  which  fails  to  destroy  the  bacteria  brought  to  it.  The  first 
theory  has  not  been  generally  accepted.  The  second  has  been 
accepted  with  considerable  reservation  for  some  conditions.  The 
third  has  been  more  generally  accepted.  The  first  and  last  theories, 
however,  acknowledge  that  living  bacteria  in  the  bile  penetrate  a 
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living  healthy  mucosa  lining  the  gall-bladder  which  is  made  for,  and 
should  be  able  to,  protect  itself  against  such  conditions.  To  be- 
lieve this  we  must  consider  the  surface  of  the  mucosa  as  the  vulner- 
able point,  which  is  possible  but  less  probable  than  that  the  attack 
is  commonly  in  the  unprotected  rear,  that  it  is  by  way  of  the  blood- 
stream. 

The  vascular  route,  as  suggested  by  Rosenow,  looks  very 
plausible.     We  have  long  accepted  the  fact  that  the  well-known  in- 


Fig.  95. — (A78,954.)  Papillomas  and  strawberry  gall-bladder. 

fectious  diseases  have  each  a  specific  bacterium  which  causes,  ac- 
cording to  the  type,  a  definite  group  of  symptoms  in  lungs,  intes- 
tines, skin,  mucous  membranes,  tonsils,  or  elsewhere.  To  Rose- 
now is  due  the  credit  for  the  theory  that  the  bacteria  which  cause 
similar  acute  and  chronic  diseases,  such  as  cholecystitis,  have  the 
same  definite  function,  and  that  when  they  enter  the  blood-stream 
they  search  out  locations  with  the  same  environment  as  that  in  which 
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they  originated.  He  has  shown  that  changes  in  environment  can 
change  bacteria  in  appearance,  and  in  the  effects  caused  by  them, 
and  in  their  tendency  to  locate  in  vascular  or  mucous  surfaces,  or 
to  cause  inflammation  of  the  joints.  Such  bacteria  are  cultured 
in  a  certain  focus  in  the  body,  and  thence  through  the  vascular 
system,  producing  a  varying  degree  of  infection  in  the  gall-Jbladder, 
while  bacteria  cultivated  from  acute  gall-bladder  inflammation 
entering  the  vascular  system  may  produce  similar  acute  gall- 


Fig.  96, — (96,944.)  Chronic  cholecystitis,  strawberry  gall-bladder  with  papilloma. 

bladder  inflammation  in  another  person.  In  certain  investiga- 
tions, some  of  which  were  made  at  our  clinic,  Rosenow  has  shown 
that  bacteria  cultivated  from  the  tissues  of  the  gall-bladder  and 
those  from  the  glands  along  the  ducts  showed  similar  growth; 
further,  that  such  cultures  of  bacteria  injected  into  dogs  caused 
similar  changes  in  their  gall-bladders.  Such  a  result  occurred  ap- 
proximately in  two-thirds  of  the  experiments.  Not  alone,  how- 
ever,  is   the  gall-bladder  affected.     Some  experimental  animals 
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show  associated  rheumatism  and  some  heart,  kidney,  or  other  in- 
volvement, due  to  bacterial  changes  from  new  environment. 

Cholecystitis  then  is  a  disease  of  the  gall-bladder  caused  by 
bacterial  invasion  of  the  wall  of  the  structure.  In  this  direct  man- 
ner there  are  changes  in  its  circulation,  with  edema,  infiltration, 
exudation,  swelling  of  the  lymphatic  glands,  and  local  necrosis 
of  the  mucous  membrane;  for  example,  strawberry  gall-bladder. 
This  infiltration  of  the  gall-bladder  structure  with  cells  and  bacteria 
prevents  the  distention  and  contraction  of  the  sac  and  causes  pain. 
Thus  may  be  caused  qualitative  food  dyspepsia  and  symptoms  of 
epigastric  gas  pressure. 

Papillomas  of  the  gall-bladder  occur  in  the  same  manner,  but 
instead  of  a  primary  destructive  effect,  there  occurs  locally  a 
hyperplasia  or  overgrowth  which  later  may  become  necrotic. 
That  the  disease  is  more  common  than  is  ordinarily  supposed  is 
indicated  by  the  fact  that  it  was  found  107  times  in  2538  cases  of 
cholecystectomy  performed  in  our  clinic  from  January  1,  1907, 
to  June  1,  1915.  The  glands  above  described  were  enlarged  in 
these  cases.  The  pathology  has  recently  be^n  studied  by  Mac- 
Carty  and  Irwin,  who  summarize  the  results  of  their  observations 
as  follows : 

1.  Acute  catarrhal  cholecystitis. 

2.  Chronic    catarrhal    cholecystitis. 

3.  Papillomatous  catarrhal  cholecystitis. 

4.  Malignant  papillomatous  cholecystitis. 

5.  Carcinomatous  catarrhal  cholecystitis. 

6.  Chronic  cholecystitis. 

7.  Chronic  cystic  cholecystitis. 

8.  Purulent  necrotic  cholecystitis. 

Of  these  groups,  3  and  4  have  been  the  subject  of  the  present 
study.  In  all  the  cases  in  group  3  (Figs.  94  and  95,  papillomatous 
catarrhal  cholecystitis,  the  mucosa  is  intact.  The  papillomas  vary 
from  two  to  five  or  six  times  the  length  of  normal  villi.  They 
are  generally  pedunculated,  racemose,  and  usually  white  or 
yellow.  They  appear  in  any  portion  of  the  organ,  being  con- 
fined neither  to  the  neck  nor  the  fundus.  Microscopically, 
they  appear  to  be  hypertrophic  villi,  the  tissue  elements  of 
which   present  a  hyperplastic    condition.     The    connective    and 
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glandular  tissue  are  greatly  increased,  the  latter  being  so  distorted 
that  sections  cut  the  glands  in  many  different  planes.  The  epi- 
thelium of  the  glands  is  hypertrophic  and  occasionally  hyperplastic, 
and  practically  always  completely  covers  the  growth.  In  the 
stroma  one  often  finds  large  round  or  oval  cells  which  contain  fat 
or  some  fatty  substance,  this  condition  probably  being  responsible 
for  the  yellowish,  gross  appearance  of  the  growths. 

In  no  case  are  there  any  early  signs  of  carcinoma,  although 
similar  hypertrophic  conditions  of  the  villi  have  been  seen  in  as- 
sociation with  carcinomatous  outgrowths  of  the  gall-bladder.  The 
condition  occurs  in  acute  catarrhal  cholecystitis,  chronic  catarrhal 
cholecystitis,  cystic  catarrhal  cholecystitis,  carcinomatous  catar- 
rhal cholecystitis,  and  purulent  necrotic  catarrhal  cholecystitis. 
It  occurs  w^ith  and  without  the  association  of  stones,  and  is  more 
frequent  in  females  than  in  males,  probably  due  to  the  fact  that 
more  gall-bladders  are  removed  from  females. 

Papillomas  are  but  ah  associate  pathologic  condition  found  in 
cholecystitis.  One  theory  of  origin  is  that  they  possibly  originate 
in  surface  cracks  through  overdistention,  caused  by  mucous  ob- 
struction and  swelling  of  the  mucosa  incident  to  cholecystitis 
associated  with  the  presence  of  bacteria  or  irritants  from  stagna- 
tion of  gall-bladder  contents.  It  is,  however,  not  so  plausible  as 
Rosenow's  theory  of  vascular-borne  infection  of  the  gall-bladder 
mucosa. 

Like  papillomas  in  other  portions  of  the  body,  those  in  the 
gall-bladder  undergo  an  irregular  or  perverted  epithelial  hyper- 
plasia which  manifests  itself  in  marked  reduplication  of  the  rows 
of  epithelial  cells.  This  condition  constitutes  malignant  papil- 
lomatous cholecystitis.  Differentiation  between  this  condition 
and  carcinomatous  catarrhal  cholecystitis  must  be  made  with  re- 
serve because  it  is  possible  that  the  one  is  but  a  stage  of  the  other. 

From  the  surgical  standpoint,  it  is  important  to  note  that  the 
papillomas  of  the  gall-bladder  are  not  cured  by  temporary  drainage, 
but  that  cholecystectomy  should  be  performed. 


CHOLECYSTOSTOMY  VERSUS  CHOLECYSTEC- 
TOMY* 

CHARLES   H.   MAYO 


After  the  many  years  in  which  operations  have  been  done  on  the 
gall-bladder  and  ducts,  it  would  seem  that  our  knowledge  of  the 
pathologic  conditions,  the  indications  for  medical  treatment  or  for 
surgery  would  be  quite  settled.  Medical  treatment,  though  ap- 
parently fairly  successful  in  cholecystitis,  which  has  a  periodic 
recurrence  of  symptoms,  yet  has  often  led  to  delay  and  later  opera- 
tions for  secondary  complications.  Instead  of  general  progress  in 
surgery,  secondary  operations  for  diseases  of  the  gall-bladder  and 
ducts  have  become  so  frequent  as  to  be  a  subject  of  comment,  and 
many  who  suffer  from  such  diseases  delay  operation  knowing  that, 
while  the  percentages  of  cures  are  high,  there  are  failures  and  other 
operations  may  be  necessary. 

An  investigation  of  the  370  cases  of  diseases  of  gall-bladder  and 
ducts  coming  to  operation  in  our  clinic  during  four  months,  from 
July  to  November  inclusive  (1915),  showed  that  48  (13  per  cent.) 
patients  had  already  been  operated  on  for  these  various  conditions. 
It  was  also  noted  that  the  majority  being  women,  naturally  there 
had  been  many  previous  operations,  such  as  removal  of  the  ap- 
pendix, of  the  right  ovary,  and  fixation  of  the  right  kidney. 

Nevertheless,  considered  all  in  all,  gall-bladder  surgery  has 
made  great  progress  during  the  past  twenty-five  years.  Culled, 
as  most  of  the  cases  were  in  the  early  period,  from  diseases  of  the 
stomach,  it  is  found  that  the  condition  is  a  common  cause  of  reflex 
irritation,  vying  with  the  appendix  in  creating  gastric  symptoms. 

*  Read  before  the  Southern  Surgical  and  Gynecological  Society,  Cincinnati, 
Ohio,  December  15,  1915.    Reprinted  from  the  Transactions,  1915. 
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Early  in  this  period  the  operations  cholecystotomy,  chole- 
cystostomy,  cholecystectomy,  and  drainage  of  the  ducts  were  de- 
veloped. Too  often  only  advanced  cases  were  diagnosed,  and 
secondary  complications  of  infective  disease  of  the  ducts  and  pan- 
creas led  to  a  high  mortality.  Thus  the  surgery  of  this  region 
suffered  for  a  time  from  a  vicious  circle;  late  operation  and  com- 
plications gave  a  high  mortality,  while  the  high  mortality  led  to 
delay.  Through  improved  technic  and  a  study  by  sight  of  the 
progress  of  the  disease  in  the  living,  the  operation,  usually  chole- 
cystostomy,  became  a  safe  procedure  and  resulted  in  a  large  per- 
centage of  cured  patients,  with  many  others  improved. 

After  a  safe  technic  had  been  developed,  the  number  of  chole- 
cystectomies as  compared  to  cholecystostomies  increased  for  a 
time,  amounting  to  one-third  of  the  operations  performed.  Later 
a  great  eflFort  was  made  to  save  the  gall-bladder,  and  nearly  80 
per  cent,  were  preserved.  With  growing  knowledge  of  the  sub- 
ject, and  influenced  by  a  recurrence  of  symptoms  which  showed 
many  failures  to  cure,  cholecystectomy  became  the  rule,  and  now 
nearly  90  per  cent,  of  diseases  of  the  gall-bladder  are  so  treated, 
only  some  special  circumstance  of  infection,  perforation,  great  age, 
or  general  condition  leading  to  the  choice  of  cholecystostomy. 
Should  further  symptoms  develop,  cholecystectomy  is  advised  as  a 
later  procedure. 

It  is  hardly  fair  to  base  our  judgment  as  to  the  present  state  of 
surgery  on  reports  including  the  relative  value  of  results  in  chole- 
cystectomy or  cholecystostomy,  which  were  made  during  the  im- 
perfect and  developing  period  of  the  early  surgery  of  these  diseases, 
say,  ten  to  twenty  years  ago,  or  including  a  proportionately  large 
series  of  unproved  medical  cases  so  diagnosed.  Knowledge  of 
the  subject  has  progressed  so  far  that  the  diagnostician  prides  him- 
self in  stating  that  the  disease  is  cholecystitis  with  gall-stones, 
or  cholecystitis  without  stones,  common-duct  stone,  cholecystitis 
with  secondary  pancreatitis,  cystic  gall-bladder,  or  empyema  of 
the  gall-bladder,  perforating  gall-bladder,  or  cholecystitis  with 
gastric  syndrome.  Previously  the  gall-stone  was  the  entity:  now 
it  and  the  other  conditions  are  all  secondary  to  cholecystitis,  which 
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may  be  acute,  chronic,  or  quiescent.  When  formerly  a  vague  idea 
of  infection  was  conceded,  this  was  generally  believed  to  be  of  a  so- 
called  catarrhal  type,  whatever  that  may  have  meant  to  the  mind 
of  the  user  of  the  term.  As  to  the  origin  of  the  supposed  surface 
infection  of  the  mucosae,  there  has  been  much  discussion  as  to 
whether  it  arose  from  an  ascending  infection  through  the  ducts  from 
the  duodenum  or  by  way  of  the  lymph-channels,  or  that  bacteria 
from  the  intestine  passed  by  the  portal  circulation  through  the 
liver  to  be  distributed  by  the  bile.  These  possible  facts  or  fancies 
have  given  way  to  the  theory  of  a  rear  attack  by  vascular-borne 
bacteria  to  the  capillary  base  of  the  mucous  cells  of  the  gall-bladder, 
a  theory  which  has  been  proved  by  Rosenow  in  numerous  instances. 
He  has  shown  that  the  bacteria  of  local  diseases  have  as  selective 
an  affinity  for  similar  environment  as  have  the  bacteria  of  the 
general  and  well-known  infectious  diseases.  Of  bacteria  culti- 
vated from  the  tissue,  not  the  contents,  of  diseased  gall-bladders 
taken  from  man  and  injected  into  the  veins  of  animals,  with  an 
even  chance  at  all  of  the  body  tissues,  the  effect  was  to  produce 
cholecystitis  in  68  per  cent,  of  41  animals  so  treated. 

When  the  etiology  of  the  disease  is  considered,  gall-stones  must 
be  relegated  to  the  second  place  in  diseases  of  the  gall-bladder  and 
ducts,  and  a  focus  of  infections  should  be  searched  for. 

The  diagnosis  must  be  based  on  the  known  conditions,  which 
make  it  possible  to  recognize  cholecystitis  as  an  entity,  yet  the  in- 
fective beginning  of  the  disease  may  be  so  mild  as  to  be  unrecog- 
nized until  stones  develop  and  mechanical  obstruction  ensues, 
or  the  disease  may  occur  with  far  graver  conditions  of  infection 
than  occur  with  stone.  The  roentgenologic  evidence  in  the  diag- 
nosis of  such  conditions,  while  often  of  value,  cannot  become  a 
factor  of  great  reliability  since  it  recognizes  the  secondaries  of  but 
one  group  of  cases. 

Briefly  reviewing  the  anatomy  of  the  gall-bladder,  we  find  that 
it  is  an  elastic,  muscular,  distensible  sac,  attached  to  the  liver,  and 
connected  to  the  common  duct  at  an  acute  angle  by  the  cystic  duct. 
It  is  bound  to  or  connected  with  the  hepatic  duct  in  such  a  manner 
that  when  it  contracts  upon  its  contents  the  fluid  pressure  is  the 
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same  in  the  gall-bladder,  cystic  and  common  ducts.  The  gall-bladder 
does  not  completely  empty  itself  like  the  urinary  bladder.  It  is 
capable  of  enlarging  its  capacity  to  several  times  the  one  to  one 
and  a  half  ounces  normally  found  in  it. 

Although  man  has  a  gall-bladder,  there  are  several  animals, 
including  the  deer  and  horse,  that  have  none.  It  is  stated  that 
such  animals  have  somewhat  larger  ducts,  a  condition  proved 
clinically  to  occur  in  man  and  in  animal  after  removal  of  the  gall- 
bladder (Mann).*  There  are  about  30  instances  of  failure  of  de- 
velopment of  the  glands  reported  in  man;  also  it  is  often  found  that 
certain  persons  have  had  cystic,  shriveled,  or  functionless  gall- 
bladders for  a  long  period  preceding  operation.  As  to  the  useful- 
ness of  the  gall-bladder,  some  claim  it  is  an  unnecessary  or  obsolete 
organ,  and  others  that  it  is  a  disappearing  one.  Others  claim  that 
the  mucus  added  to  the  bile  from  the  gall-bladder  is  of  functional 
importance,  and  renders  the  bile  less  irritating  to  the  ducts  of  the 
pancreas  should  it  enter  them. 

The  bile  is  formed  at  a  rate  approximately  of  an  ounce  an  hour, 
and  delivered  through  the  common  duct.  This  duct  does  not 
empty  directly  into  the  duodenum,  but  enters  the  muscular  wall 
and  passes  for  a  short  distance  between  the  outer  wall  and  the 
mucous  lining.  Any  pressure  within  the  bowel  thus  flattens  the 
duct  and  prevents  regurgitation.  Coffey,  from  much  experi- 
mental study,  states  that  the  mechanical  development  of  this 
method  of  entrance  is  so  perfect  that  the  duodenum  may  burst 
before  any  fluid  or  gas  can  enter  the  common  duct. 

Man  is  a  diverse  feeder,  eating  many  things  which  tend  to  form 
gas.  This,  however,  is  not  serious,  as  the  gall-bladder  is  capable  of 
symptomless  distention  to  several  ounces,  and  by  contraction  acts 
on  the  delivery  of  bile  as  the  elastic  ureter  does  on  the  flow  of  urine 
into  a  full  bladder.  However,  if  there  is  infection  of  the  gall- 
bladder, he  will  suffer  from  so-called  gas,  with  stasis  in  the  duo- 
denum, often  associated  with  pyloric  spasm  and  epigastric  fulness 
or  pressure.  The  gall-bladder,  being  thick  walled  in  chronic 
disease,  or  inflamed  with  bacteria  and  infiltration  of  its  wall,  can 
*  Mann,  F.  C:  In  manuscript. 
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no  longer  expand  and  contract  without  its  owner  being  conscious 
of  the  fact.  Most  patients  develop  a  special  or  possibly  uncon- 
sciously selected  diet,  learning  to  avoid  greases,  fried  foods,  raw 
apples,  etc.  They  also  often  have  idiosyncrasies  to  special  foods 
of  slow  digestion  or  gas  production;  the  so-called  qualitative  food 
dyspepsia,  in  contradistinction  to  quantitative  food  dyspepsia, 
which  occurs  following  heavy  or  large  meals  and  gives  symptoms 
one  to  two  hours  after  eating.  These  symptoms  are  induced  by 
interference  with  peristalsis,  or  the  peristalsis  of  inflamed  areas, 
and  occur  with  chronic  appendicitis  with  concretions,  with  Lane*s 
kink,  with  incarcerated,  incomplete  hernias,  and  with  adhesions. 
Some  patients  complain  but  little  even  when  gall-stones  are  pres- 
ent, the  original  infection  having  subsided.  They  suffer  less  from 
dyspepsia,  as  the  gall-bladder  can  expand  and  contract  almost 
normally.  The  symptoms  then  are  mechanical,  due  to  obstruc- 
tion by  the  stone  or  to  its  passage.  In  some  cases,  especially 
cholecystitis,  a  gastric  syndrome  with  attacks  much  like  those  due 
to  gastric  or  duodenal  ulcer  occurs.  The  conditions  can  usually 
be  differentiated,  although  we  have  been  unable  in  some  cases  to 
differentiate  diseases  of  the  gall-bladder,  of  the  appendix,  or  duo- 
denal ulcer,  since  all  three  of  these  may  exist  in  the  same  patient. 
In  duodenal  ulcer  especially,  the  roentgen  ray  is  often  of  great  aid. 
We  must  occasionally  be  content  with  the  diagnosis  of  a  lesion  with 
possible  reflex  symptoms  to  be  proved  at  exploration  if  the  symp- 
toms warrant  the  procedure. 

It  is  undoubtedly  true  that,  with  reference  to  gastric  symptoms, 
the  crux  of  the  situation  is  concerned  wholly  with  the  question  of 
infection.  Gall-stones  in  gall-bladders  free  from  infection  (though 
it  was  present  when  the  gall-stones  were  formed),  may  give  symp- 
toms from  obstruction  or  the  movement  or  passage  of  the  stone, 
but  they  do  not  produce  gastric  symptoms,  or  at  least  such  symp- 
toms are  not  a  major  complaint.  When  gastric  symptoms  are  a 
prominent  feature  in  these  cases,  infection  is  the  rule,  whether 
stones  are  present  or  not,  and  spells  recur  followed  by  free  intervals, 
just  as  they  do  in  gastric  and  duodenal  ulcer  and  in  appendicitis 
when  they  are  the  result  of  infection.     A  large  percentage  of  the 
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patients  who  are  free  from  infection  may  be  cured  by  drainage  of 
the  gall-bladder.  Because  of  adhesions  and  fixation  of  the  gall- 
bladder and  consequent  impairment  of  function  due  to  the  opera- 
tion for  drainage,  a  few  of  these  patients  may  later  be  liable  to 
cholecystitis.  When  infection  is  lacking,  even  if  there  are  stones 
present,  the  glands  along  the  cystic,  common,  and  hepatic  ducts 
should  be  found  but  little  enlarged  on  palpation.  Patients  in  the 
second  or  infective  group  should  have  the  gall-bladder  removed  at 
the  operation,  whether  or  not  stones  are  present,  since  the  infection 
is  the  essential  element.  In  these  the  glands  of  the  cystic,  com- 
mon, and  hepatic  ducts  should  be  found  enlarged. 

For  many  years  we  overlooked  cases  of  cholecystitis  without 
stones.  Some  of  these  patients  had  colic  and  frequent  mucus  ob- 
structive attacks  or  local  tenderness,  yet  did  not  have  stones. 
Often  there  was  a  better,  external  appearance  of  the  gall-bladder 
than  in  those  we  were  saving  after  removal  of  the  stones,  and  the 
gall-bladder  was  not  even  op)ened  upon  exploration.  Two  such 
patients  later  developed  large  stones,  as  was  found  several  years 
afterward.  Wider  experience  of  the  subject  led  to  opening  and 
draining  the  gall-bladder,  and  in  some  cases,  if  grossly  diseased, 
it  was  removed,  especially  the  strawberry  gall-bladder.  Many 
such  patients  were  relieved  while  the  drainage  continued  but  symp- 
toms recurred  when  drainage  ceased. 

Temporary  drainage  of  the  gall-bladder  in  cholecystitis  did 
not  give  a  satisfactory  percentage  of  cures,  and  as  our  diagnostic 
ability  improved  a  gradually  increasing  number  of  cholecystec- 
tomies were  done  in  cases  of  infection.  The  persistence  of  reflex 
gastric  symptoms  after  cholecystostomy,  if  no  other  cause  is  mani- 
fest, is  evidence  that  the  gall-bladder  should  have  been  removed. 

If  cholecystitis  is  an  infection  of  the  wall  of  the  gall-bladder 
from  which  bacteria  can  usually  be  cultured,  then  the  lymphatic 
glands  draining  such  an  area  should  show  the  evidence  of  such  infec- 
tion. The  glands  along  the  common,  hepatic,  and  cystic  ducts  should 
be  enlarged  in  such  cases,  and  if  not  enlarged,  some  other  cause  for 
the  symptoms  should  be  searched  for.  These  glands  also  drain  the 
duodenum  and  the  head  of  the  pancreas,  as  well  as  the  gall-bladder; 
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therefore  these  structures  should  be  examined  for  ulcer  and  pan- 
creatic involvement.  The  latter,  however,  is  often  secondary  to 
an  infected  gall-bladder,  and  may  present  a  lymphedema,  such 
as  is  seen  in  the  arm  from  blocked  lymphatic  return  after  removal 
of  the  axillary  glands  following  operation  for  cancer  of  the  breast. 
The  general  surgical  problem  of  the  present  period  is  the  search 
for  the  local  focus  of  chronic  local  infectious  processes,  and  already 
great  progress  has  been  made. 

In  2940  cholecystectomies  prior  to  November  1,  1915,  we  dis- 
covered 130  cases  of  papillary  gall-bladder.  Papillary  growths  of 
other  mucous  surfaces  have  a  tendency  to  cancer;  their  relation- 
ship in  cancer  of  the  gall-bladder  is  not  known.  Approximately  85 
per  cent,  of  cancers  of  the  liver  are  metastatic.  Of  the  15  per 
cent,  of  primary  cancer,  the  great  majority  are  associated  with 
gall-stones  and  have  their  origin  in  the  gall-bladder  or  ducts. 
Cancer  of  the  gall-bladder  in  some  cases,  for  example,  impacted 
stone,  and  possibly  in  papillary  cholecystitis,  is  undoubtedly 
avoided  by  cholecystectomy. 

TABLE  SHOWING  THE  RELATIVE  MORTALITY  OF  CHOLECYSTEC- 
TOMY AND  CHOLE(  YSTOSTOMY 

C II OLEC  YHTECTOMIES 

Total       '  I  '   Percen- 

Opera-     ,  Cancers    Deaths  |       tage 
ttonD       I  I  deaths 

1907-1909...  304  ..     4   1.3 

1910 211  I  2  I   ..   .. 

1911 100  I  2  I   3   3.0 

1912 211  7,4   1.9 

1913 261)  I  2     5 

1914 817'l767|  ..   ' 

1915 689)  ,1 

(First  ten     I  j  | 

monthj})  I 


5      1.9) 
5      0.6  >1.2 
11      1.6j 
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,         tiORS 
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15 
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,1085 

1.4 

'  426 

2     1 

7 

|1.7 

>  481 

«  ; 

4 

,0.8 

427 

1 

3 

l0.7 

204) 

3 

10 

4.9) 
12.5  >3.4 
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1 

4 

|74r 

•  •  1 

i 

1 

1 
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1 

Totals...!     2493      |     13     |     82     [      1.3      .    2854     ^       8     |     44     ,     1.5 


It  will  be  seen  from  the  above  table  that  the  mortality  after 
cholecystectomy  is  less  at  present  than  that  after  cholecystostomy 
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(1.2  per  cent,  as  against  3.4  per  cent.)  for  the  last  three  years, 
or,  including  all  cholecystectomies,  1.5  per  cent. 

In  a  series  of  form-letter  inquiries  sent  to  patients  on  whom 
cholecystostomy  had  been  done  during  the  past  several  years, 
none  more  recent  than  one  year,  242  replies  were  received  which 
showed  that  53  per  cent,  of  these  patients  were  cured,  38  per  cent, 
improved,  and  9  per  cent,  not  improved.  Of  the  patients  who  were 
cured  (129),  49  p)er  cent,  had  stones,  11  per  cent,  had  stones  and 
empyema,  18  per  cent,  had  stones  and  cholecystitis,  and  22  per 
cent,  had  cholecystitis. 

In  a  series  of  form-letter  inquiries  sent  to  patients  on  whom 
cholecystectomy  had  been  done  during  the  past  several  years, 
none  more  recent  than  one  year,  219  replies  w^ere  received  which 
showed  that  71  per  cent,  of  the  patients  were  cured,  22  per  cent, 
improved,  and  7  per  cent,  not  improved.  Of  the  patients  who  were 
improved  (48),  57  per  cent,  had  stones  and  cholecystitis  and  43 
per  cent,  had  cholecystitis  alone. 

Conclusions 

Cholecystitis  is  an  infective  disease  of  the  gall-bladder.  The 
bacteria  are  in  the  tissues  of  the  gall-bladder. 

Infection  may  be  mild,  acute,  chronic,  or  recurring. 

Gall-stones  may  occur  in  mild  infections. 

Gall-stones  may  cause  mechanical  obstruction. 

Cholecystostomy  (with  removal  of  stones  if  present)  gives  a 
high  percentage  of  cures  only  if  the  infection  has  subsided. 

Cholecystectomy,  with  or  without  stones  in  diseased  gall- 
bladders or  existing  cholecystitis,  gives  a  high  percentage  of  cures. 

Reflex  gastric  symptoms  are  caused  by  the  infection. 

The  infection  may,  through  local  peritonitis,  cause  adhesions  to 
the  bowels,  stomach,  or  liver  to  abdominal  wall. 

Symptoms  of  mild  gastric  trouble  may  be  nearly  constant,  may 
increase  with  exacerbation  of  infection  and  subsidence  of  attack, 
much  like  those  of  ulcer. 

The  etiologic  factor  may  be  a  small  local  focus  primary  in  the 
mouth,  secondary  in  the  appendix. 

Typhoid  bacteremia  may  also  be  the  etiologic  factor. 


RESTORATION  OF  THE  BILE-PASSAGE  AFTER 
SERIOUS  INJURY  TO  THE  COMMON  OR  HE- 
PATIC DUCTS  * 

WILLIAM   J.    MAYO 


The  union  of  the  cystic  and  hepatic  ducts  forms  the  common 
bile-duct.  The  juncture  does  not  occur  in  a  fixed  manner,  at  a 
fixed  point,  but  its  location  varies  in  different  persons.  It  may 
lie  close  to  the  fissure  of  the  liver  or  at  any  point  between  the 
liver  and  the  duodenum.  The  normal  situation  is  about  three- 
quarters  of  an  inch  from  the  intrahepatic  portion  of  the  hepatic 
duct.  When  the  point  of  union  is  low,  the  cystic  duct  may,  and 
usually  does,  lie  parallel  and  adjacent  to  the  hepatic  duct.  If 
found  in  this  anomalous  position,  the  two  ducts  must  be  carefully 
separated  in  performing  cholecystectomy  in  order  to  avoid  the 
possibility  of  severing  the  hepatic  duct. 

In  removing  the  gall-bladder  it  should  also  be  remembered 
that  the  cystic  duct  has  its  origin  on  the  posterior  wall  above  the 
lowest  point,  and  that  the  pelvis  of  the  gall-bladder  usually  over- 
laps the  cystic  duct  on  its  inferior  and  inner  aspects.  Quite  fre- 
quently there  is  a  little  fold  of  peritoneum  connecting  the  pelvis 
of  the  gall-bladder  with  the  gastrohepatic  ligament  over  the  com- 
mon duct,  forming  a  small  suspensory  ligament.  When  this  fold 
is  present  and  is  associated  with  marked  inflammation,  there  are 
often  many  adhesions  in  the  little  triangle  thus  formed.  Since 
the  fold  lies  in  a  line  with  the  cavity  of  the  gall-bladder,  it  may  be 
mistaken  by  the  inexperienced  operator  for  the  cystic  duct,  and 
the  common  or  hepatic  duct   may  be  completely  severed.     In 

*  Submitted  for  publication  November  IS,  1915.  Reprinted  from  Surg.,  G>ti., 
and  Obst..  1916,  xxii,  1-<J. 
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some  instances  a  section  of  the  duct  has  been  removed.     To  avoid 
this  accident  the  pelvis  of  the  gall-bladder  should  be  carefully 


Fijf.  97. — Relation  of  nll-hUddrr  to  cystic,  hepatic,  and  common  ducts.  Note  cystic  duct  lying 
DO  the  inner  side  and  overlapped  by  the  pelvis  of  the  gall-bladder,  which  is  shown  drawn  upward  by 
the  forceps. 


dissected  from  the  triangle  until  the  cystic  duct  is  fully  exposed, 
ligated,  and  divided  (Fig.  97). 
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The  cystic  artery  usually  passes  behind  and  not  along  the  cystic 
duct  to  the  gall-bladder.  The  relation  of  the  artery  to  the  duct  is 
almost  like  that  of  a  bow-string  to  a  bow,  as  it  is  shorter  than  the 
duct  and  lies  on  a  plane  closer  to  the  liver.  It  sometimes  happens, 
therefore,  that  the  duct  is  securely  grasped  without  catching  the 
artery  and,  when  the  tissues  are  divided,  the  artery  quickly  re- 
tracts and  bleeds  freely.  Hurried  attempts  to  catch  the  artery 
with  heavy  rat-tooth  forceps  may  result  in  serious  injury  to  the 
great  duct.  When  cut,  this  artery  retracts  into  a  pocket  in  Calot's 
triangle,  and  the  forefinger,  properly  placed,  will  check  the  bleeding 
at  once.  A  few  mouse-tooth  forceps  can  be  caught  in  the  tissues 
about  the  forefinger,  forming  a  little  basket,  and  by  lifting  on  the 
forceps  the  finger  can  be  removed  and  the  artery  caught  with 
exactitude. 

Brewer^  has  shown  that  the  cystic  artery  occasionally  originates 
in  the  superior  pancreaticoduodenal  artery  instead  of  in  the  hepatic, 
and  thus  passes  along  the  common  and  cystic  ducts.  In  this  loca- 
tion, however,  it  is  easy  to  control  if  the  anatomic  situation  of 
the  vessel  is  recognized. 

Judd's^  method  of  carefully  catching  the  cystic  duct  and  artery, 
exposing  them  together,  and  separating  them  from  the  notch  of  the 
liver  while  sealed  in  their  connective  tissue,  can  ordinarily  be  em- 
ployed, and  it  obviates  any  danger  of  injury  to  the  common  and 
hepatic  ducts. 

It  is  the  general  experience  (Jacobson')  that  injuries  to  the  com- 
mon and  hepatic  ducts  are  usually  the  result  of  various  operative 
accidents.  In  the  large  majority  of  cases  the  accident  is  not  dis- 
covered at  the  time  of  the  operation,  but  only  after  the  patient  has 
developed  a  permanent  biliary  fistula  or  jaundice  and  other  symp- 
toms of  obstruction.  In  a  small  minority  the  obstruction  is  the 
result  of  cicatricial  tissue  from  gall-stone  ulceration.  Such  ob- 
structions are  more  frequently  due  to  stones  impacted  in  the  cystic 
duct  at  the  juncture  of  the  common  duct  than  to  stones  in  the  com- 
mon duct  itself.  The  free  portion  of  the  common  duct  has  an  ex- 
traordinary capacity  for  dilatation  which  is  not  true  of  the  cystic 
duct.     Ulceration  does  occur  from  stones  within  the  common  duct 
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and  leads  to  the  formation  of  stricture,  but  in  pur  experience  such 
strictures  have  been  found  in  that  portion  of  the  common  duct 
which  is  fixed  in  the  head  of  the  pancreas. 

Benign  tumors  of  the  stump  of  the  cystic  duct  may  occur  after 
cholecystectomy  and  cause  obstruction  of  the  common  duct. 
There  have  been  two  examples  in  our  clinic  of  true  fibro-adenomas 
of  the  remaining  portion  of  the  cystic  duct  subsequent  to  chole- 
cystectomy. The  tumors  were  nearly  the  size  of  a  hazelnut  and 
more  or  less  encapsulated.  They  caused  typical  symptoms  of 
common  duct  obstruction  with  the  syndromes  of  Charcot;  i.  e., 
colic,  fever,  chilly  sensations,  and  exacerbations  of  jaundice. 
Both  patients  were  cured  by  removal  of  the  tumor  and  the  stump 
of  the  cystic  duct  (Fig.  98). 

Op)erations  for  the  restoration  of  the  common  bile-duct  are 
usually  of  a  formidable  nature,  not  only  because  of  difficult  technic, 
but  because  of  the  poor  condition  in  which  these  patients  come 
to  the  surgeon.  As  a  result  of  the  former  operation  and  continua- 
tion of  the  local  irritation,  there  are  always  extensive  adhesions, 
and  in  these  adhesions  are  an  unusual  number  of  thin-wall  veins 
which  tear  readily  and  flood  the  field  with  blood  or  keep  up  a 
continuous  oozing,  thus  adding  to  the  difficulties  of  the  operative 
procedure. 

The  cystic  and  common  ducts  lie  very  close  to  the  median  line, 
and  as  the  operation  of  cholecystectomy  is  the  one  that  is  now 
usually  employed,  the  incision,  whether  for  primary  or  secondary 
operation  on  the  biliary  tract,  should  be  made  rather  close  to  the 
midline,  probably  not  more  than  two  inches  to  the  outer  side. 
Bevan's^  incision  is  most  appropriate  in  the  secondary  operation. 
It  begins  at  the  ensiform  cartilage,  extends  directly  downward  for 
one  and  one-half  inches,  then  divides  the  upper  half  of  the  right 
rectus  muscle  on  a  line  with  the  costal  margin  and  about  one  inch 
from  it.  The  longitudinal  part  of  the  incision  should,  if  possible, 
be  kept  inside  the  original  incision.  All  the  bleeding  vessels  must 
be  ligated,  as  they  have  a  strong  tendency  to  bleed  after  the  opera- 
tion, even  when  they  are  quite  small.  It  is  especially  important  to 
tie  the  vessels  situated  in  the  subcutaneous  tissues  and  skin; 
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vessels  in  the  muscles  have  less  tendency  to  bleed  after  temporary 
clamping. 


^^^  '*7f^/ 


Fig.  98. — ^Adenofibroma  of  the  stump  of  the  cystic  duct  after  cholecystectomy,  causing  common>duct 

obstruction. 


Excision  or  Resection  of  the  Obstructed  Portion  of  the  Common 
Duct,  with  End-to-end  Union, — The  strictured  portion  of  the  duct  is 
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usually  in  the  vicinity  of  the  juncture  of  the  cystic  and  common 
ducts  and  is  from  one-fourth  to  three-fourths  of  an  inch  in  length; 
at  least  these  have  been  about  the  extremes  in  cases  we  have 
operated  on.  Resections  of  this  character  demand  rather  exact 
technic.  Adhesions  are  divided  carefully  and  ligated  rather  than 
separated.  The  duodenum  and  stomach  will  be  found  adherent 
to  the  gall-bladder  notch,  often  completely  overlying  the  common 
duct.  This  necessitates  dissection  of  these  structures  until  the 
margin  of  the  gastrohepatic  ligament  can  be  identified.  The  fora- 
men of  Winslow  is  cleared  and  the  second  portion  of  the  duodenum, 
if  overlying  the  strictured  area,  is  dissected  from  its  position. 
There  will  be  little  difficulty  in  identifying  the  hepatic  duct  by 
the  telltale  bile  escaping  from  the  fistula,  if  there  is  one,  or  by  an 
opening  made  into  the  stump  of  the  hepatic  duct  in  the  course  of 
the  dissection.  It  is  surprising  how  easily  the  common  duct  may 
be  found  simply  by  carrying  the  dissection  from  the  end  of  the 
hepatic  duct  directly  through  the  strictured  area  along  the  margin 
of  the  gastrohepatic  ligament.  One  would  expect  the  distal  end 
of  the  common  duct  to  be  contracted,  but  even  after  many  months 
of  complete  obstruction  it  will  be  found  normal  in  size.  The  stric- 
ture is  dissected  out  until  the  ends  of  the  hepatic  and  common 
ducts  lie  free;  then  several  chromic  catgut  stay-sutures  are  intro- 
duced, catching  the  tissues  behind  the  duct-ends  which,  when  tied, 
obliterate  the  posterior  space  and  draw  the  hepatic  and  com- 
mon ducts  into  position  for  suturing.  A  few  catgut  through-and- 
through  sutures  are  placed  so  as  to  unite  the  duct-ends  posteriorly. 
The  open  end  of  the  common  duct  is  split  along  the  anterior  sur- 
face one-third  of  an  inch,  as  advised  by  C.  H.  Mayo*  (Fig.  99). 
The  split  in  the  free  border  of  the  common  duct  increases  its  caliber 
to  a  considerable  extent;  it  is  thus  more  readily  coaptated  to  the 
dilated  hepatic  duct.  A  "T "  tube  of  appropriate  size  is  now  intro- 
duced, one  arm  extending  about  one  inch  into  the  hepatic  duct  to 
the  primary  division,  and  the  other  arm,  if  possible,  through  the 
entire  length  of  the  common  duct  until  its  free  end  passes  into  the 
duodenum  (Fig.  99).  The  gap  is  closed  about  the  "T"  tube  with 
chromic  catgut  sutures,  the  tube  fastened  w4th   an  absorbable 
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suture  to  the  hepatic  and  common  ducts,  respectively,  and  the 
line  of  union  covered  by  such  omental  and  peritoneal  tissues  as 
may  be  available  for  the  purpose.  With  a  syringe,  normal  salt 
solution  is  forced  through  the  *'T"  tube  until  it  passes  freely  into 
the  duodenum  (McArthur®),  and  a  few  rubber-tissue  drains  are 
appropriately  arranged.  If  possible,  gauze  should  not  be  intro- 
duced in  any  form  down  to  the  line  of  union,  as  it  tends  to  the  for- 
mation of  fistulfle.     If  necessary,  a  piece  of  rubber  tubing  may  be 


Fig.  90. — End  of  common  and  hepatic  ducts  xutured  with  through-and-through  chromic  cat^t.   Doited 
line  shows  where  the  end  of  the  common  duct  n  enlarged  by  short  longitudinal  incision. 

placed  in  Morison's  pouch  in  the  right  renal  area  and  carried  out 
through  a  stab- wound  in  the  loin.  As  a  rule,  when  the  **T"  tube 
is  used  for  reconstructions  of  the  common  duct  it  is  not  removed 
for  about  three  weeks,  at  which  time  firm  union  will  be  established. 
Strictured  Area  of  the  Common  Duct  Divulsed  with  Dilating  For- 
reps. — For  those  cases  in  which  the  stricture  is  in  the  pancreatic 
portion  of  the  duct,  the  result  of  ulceration,  it  has  been  found  satis- 
factory to  open  the  common  duct  and  pass  a  pair  of  dilating  forceps 
through  the  strictured  area  until  it  is  completely  divulsed.     Stric- 
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tures  in  this  vicinity  are  usually  of  the  character  of  a  diaphragm, 
and  will  often  pop  like  paper  on  passing  forceps  through  them  into 


Fig.  100. — "T"  lube  in  place.     Duct-ends  sutured  about  it. 

the  duodenum.    In  the  more  difficult  cases  it  will  occasionally  be 
found  necessary  to  open  the  duodenum  and  expose  the  papilla 
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before  undertaking  divulsion  of  the  stricture.  After  divulsion,  a 
**T"  tube  is  placed  in  the  duct,  one  arm  of  the  tube  being  suffi- 
ciently long  to  pass  completely  into  the  duodenum. 


Fig.  101. — Direct  union  of  hepatic  duct  to  duodenum.  Gall-bladderfha«  been  removed.  Continuo 
oua  chromic  catgut  sutures  have  been  placed  uniting  posterior  wail.  The  stay  sutures,  holding  hepatic 
duct  to  duodenum,  of  interrupted  chromic  catgut,  lie  behind  this  suture  and  are  not  shown. 


Extensive  Injuries  to  the  Great  Bile-duct  Necessitating  Union  of 
Hepatic  Duct  to  the  Duodenum, — In  the  more  extensive  injuries  it 
may  be  necessary  to  suture  the  hepatic  duct  directly  to  the  duo- 
denum.    The  first  patient  operated  on  in  our  clinic  was  reported  in 
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1905,^  and  the  woman  is  well  now  after  more  than  ten  years.  It  is 
of  interest  that  since  the  operation  she  has  borne  several  children 
and  has  had  some  severe  illnesses,  not,  however,  connected  with 
the  biliary  tract. 

Two-row  Suture  Anastomosis. — In  our  experience  in  these  cases 
the  stomach  and  duodenum  have  been  found  closely  adherent  to 
the  site  of  the  injury.  If  care  is  used  not  to  separate  these  ad- 
hesions too  extensively,  the  duodenum  may  be  so  closely  approxi- 
mated to  the  dilated  hepatic  duct  as  to  secure  a  two-row  anasto- 


Fig.  lOi. — Rubber  tube  in  place  and  fastened  by  chromic  catunit  suture  to  the  hepatic  duct. 
Anterior  layer  of  chromic  catf^ut  continued.  Duodenum  being  sutured  to  enfold  anastomosis,  the 
area  later  to  be  covered  by  omentum. 

mosis  without  great  diflSculty  on  the  general  principles  of  gastro- 
intestinal union,  the  omentum  being  carefully  sutured  around  the 
anastomosis  with  fine  chromic  catgut.  In  one  case  in  which  there 
was  a  contracted  gall-bladder  about  one  inch  in  length  it  was  possi- 
ble to  make  a  pedunculated  flap  of  the  gall-bladder  and  fill  in  a 
considerable  gap,  thus  bridging  a  defect  which  the  duodenum  could 
not  be  mobilized  sufficiently  to  overcome.  In  another  instance  a 
small  flap  was  dissected  from  the  duodenum  in  a  manner  somewhat 
similar  to  that  carried  out  by  Walton.* 

•1,5—18 
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Union  by  Rubber  Tube  of  the  Common  or  Hepatic  Duct  to  the 
Duodenum. — To  Sullivan®  belongs  the  credit  of  having  shown  the 
possibility  of  uniting  the  hepatic  or  common  duct  with  the  duo- 
denum by  means  of  a  rubber  tube,  and  leaving  it  as  a  more  or  less 
permanent  connecting  link  surrounded  by  omentum.  This  is  by 
all  means  the  simplest  method  of  restoring  the  bile-channel,  but 
unfortunately  the  newly  formed  channel  is  not  mucus-lined,  and 
we  must  expect  that  eventually  contraction  will  take  place  after 
the  rubber  tube  slips  into  the  intestine,  which  will  ultimately 
occur.  However,  we  have  not  found  it  difficult  to  combine  this 
method  with  direct  union  of  the  hepatic  or  common  duct  to  the 
duodenum,  and  results  with  this  combined  operation  have  been 
excellent. 

Technic  of  the  Procedure, — The  hepatic  duct  is  united  as  well  as 
possible  by  a  mucomucous  suture  to  an  opening  made  into  the 
duodenum  and  a  rubber  tube  introduced  and  sutured  into  position. 
The  suture  is  continued  in  a  manner  so  that  at  least  some  portion 
of  the  new  canal  may  be  mucus-lined.  The  line  of  union  is,  of 
course,  not  bile-tight,  but  by  surrounding  it  with  omentum  it  does 
not  seem  to  leak  into  the  peritoneal  cavity.  The  tube  extends  into 
the  hepatic  duct  to  the  primary  division  and  about  one  inch  into 
the  duodenum.  After  absorption  of  the  holding  sutures,  the 
rubber  tube  readily  passes  into  the  intestinal  tract.  This  is  the 
operation  of  choice  in  the  majority  of  cases,  and  a  number  of  our 
patients  have  been  cured  by  it  (Figs.  101  and  102). 

Direct  Union  of  the  Common  Duct  to  the  Duodenum. — This 
method  has  been  used  in  our  clinic  several  times  following  resection 
of  the  common  duct  for  cancer  and  once  following  partial  gastrec- 
tomy for  cancer  of  the  pyloric  end  of  the  stomach.  After  removing 
the  involved  portion  of  the  common  duct  the  distal  end  is  tied,  the 
stump  covered  with  peritoneum,  and  the  proximal  end  united  to  the 
duodenum  after  the  method  of  Coffey.  The  method  is  applicable 
in  primary  operations  when  the  liver-end  of  the  duct  is  easily  ac- 
cessible; in  secondary  operations  there  are,  as  a  rule,  so  many 
adhesions  that  the  duct  cannot  be  sufficiently  mobilized  to  ac- 
complish it.     Our  experience  in  resections  of  the  common  duct  for 
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cancer  in  restoration  of  the  biliary  channel  by  any  method  has 
been  discouraging.  Two  of  these  patients  died  soon  after  operation 
and  those  who  recovered  lived  less  than  eighteen  months;  in  none 
of  them,  however,  was  death  directly  associated  with  this  par- 
ticular feature  of  the  operation. 
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PATHOGENESIS  OF  SPONTANEOUS  AND  EX- 
PERIMENTAL  APPENDICITIS,  ULCER  OF 
THE  STOMACH  AND  CHOLECYSTITIS* 


EDWARD    C.    ROSENOW 


Although  the  infectious  nature  of  appendicitis,  of  cholecystitis, 
and,  to  a  large  extent,  of  ulcer  of  the  stomach  is  now  quite  generally 
conceded,  there  is  still  much  speculation  as  to  the  exact  mechanism 
of  the  occurrence  of  each,  and  especially  as  to  the  supposed  etiologic 
relationship  between  them.  They  are  still  believed  to  be  due  either 
to  surface  infection  from  the  lumen,  aided  by  various  mechanical 
factors,  such  as  foreign  bodies  and  spasms,  or  to  migration  of  the 
bacteria  through  the  lymphatics,  even  against  the  normal  lymph- 
stream,  and  only  rarely  to  embolism  from  some  distant  focus,  such 
as  infected  tonsils,  pyorrheal  pockets,  or  the  intestinal  tract. 
That  these  organs  are  developed  from  a  small  segment  of  the 
primitive  alimentary  tract  and  that  irritation  of  the  colon  (Can- 
non) and  disease  in  the  appendix  or  gall-bladder,  for  example, 
will  reflexly  cause  delayed  emptying  of  the  stomach  and  hyper- 
acidity with  the  accompanying  symptoms  is  believed  by  some  to 
account  for  the  fact  that  two  or  more  of  these  organs  may  be  dis- 
eased simultaneously  (Cannon,^  Litthauer,^  Mayo,^  MacCarty."* 
Billings,^  Graham  and  Guthrie,*  LaRoque^).  The  reason  for  the 
lack  of  exact  knowledge  as  to  their  origin  is  due  largely  to  a  study 
of  end-results  in  patients,  and  not  enough  of  experimental  study 
in  animals. 

*  From  Memorial  Institute  for  Infectious  Diseases,  Chicago,  and  the  Mayo 
Foundation,  Rochester,  Minn.  Reprinted  from  the  Ind.  State  Jour.,  1915,  458-161. 
Read  before  the  Indiana  State  Medical  Association,  Indianapolis,  September  23, 
1915.  Reprinted  from  the  Jour,  of  the  Indiana  State  Med.  Assoc.,  1915,  viii, 
458-461. 
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I  wish  to  call  attention  briefly  to  certain  results  following  intra- 
venous injection  of  streptococci  which  seem  to  throw  some  light 
on  the  mode  of  origin  and  pathogenesis  of  appendicitis,  ulcer  of  the 
stomach,  and  cholecystitis. 

The  technic  employed  and  the  details  of  the  experiments  in 
appendicitis  have  already  appeared,^  and  those  on  ulcer  and  chole- 
cystitis will  appear  shortly. 

ELECTIVE  LOCALIZATION  OF  STREPTOCOCCI  FROM  APPENDICITIS. 
ULCER  OF  THE  STOMACH,  AND  CHOLECYSTITIS 
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The  accompanying  table  gives  the  incidence  of  lesions  in  the 
appendix,  stomach,  and  duodenum,  gall-bladder,  pancreas,  and 
intestines  in  animals  following  intravenous  injection  of  streptococci 
from  appendicitis,  ulcer,  anil  cholecystitis,  when  first  isolated,  after 
cultivation  on  artificial  media  for  some  time  and  after  animal 
passage.  In  the  last  line  is  given  the  average  percentage  of  ani- 
mals showing  lesions  in  these  organs  following  the  injection  of 
numerous  strains  of  streptococci  into  many  animals  exclusive  of 
the  specific  strains,  and  serves  for  comparison.  It  is  seen  that  14 
strains  from  appendicitis  produced  lesions  in  the  appendix  in  68 
per  cent,  of  the  68  rabbits  injected,  which  is  in  marked  contrast 
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to  an  average  of  only  5  per  cent,  of  lesions  in  the  appendix  in  the 
animals  injected  with  the  strains  as  isolated  from  sources  other 
than  appendicitis.  Eighteen  strains  from  ulcer  of  the  stomach  or 
duodenum  produced  hemorrhage  in  60  per  cent.,  and  ulcer  of  the 
stomach  or  duodenum  in  60  per  cent.,  a  combined  total  of  74  per 
cent,  of  the  103  animals  injected,  in  contrast  to  an  average  of  20 
per  cent,  hemorrhages  and  9  per  cent,  ulcers  following  the  injec- 
tion of  other  strains.  Twelve  strains  from  cholecystitis  produced 
lesions  of  the  gall-bladder  in  80  per  cent,  of  the  41  animals  injected, 
in  contrast  to  an  average  incidence  of  only  11  per  cent,  of  the 
other  strains. 

The  streptococci  with  which  these  results  were  obtained  were 
mainly  isolated  from  the  involved  tissues  or  from  the  lymph-glands 
draining  the  area,  and  were  removed  during  life  in  the  operating- 
room.  A  number  of  strains  from  each,  however,  were  obtained 
from  the  apparent  infection-atrium.  In  acute  appendicitis  the 
peculiar  affinity  of  the  streptococci  in  the  focus  was  present  only 
at  the  time  of  the  attack  and  disappeared  promptly  later,  while  in 
one  case  of  chronic  ulcer  of  the  stomach  it  was  found  present  over 
a  period  of  six  months.  The  strains  resemble  each  other  verj' 
closely  indeed,  those  from  appendicitis,  however,  being  the  least 
virulent,  those  from  ulcer  occupying  a  middle  position,  and  those 
from  cholecystitis  being  the  most  virulent.  It  has  been  suggested 
that  the  localization  in  these  organs  of  bacteria  so  nearly  alike 
may  be  due,  in  a  measure,  to  the  fact  that  they  are  derived  from 
the  same  segment  of  the  primitive  alimentary'  tract  affording,  as 
it  were,  a  common  soil. 

From  studies  of  the  effect  of  animal  passage  on  non-virulent 
**  laboratory  *'  strains  of  streptococci,  it  was  found  that  virulence 
appeared  to  be  a  factor  in  determining  the  place  of  survival  of 
streptococci  on  intravenous  injection.  If  the  localization  is  re- 
lated to  virulence,  then  the  incidence  of  the  occurrence  of  ulcer  and 
cholecystitis  should  become  greater  as  the  appendicitis  strains  are 
passed  through  animals,  and  appendicitis  should  occur  oftener  after 
the  ulcer  and  cholecystitis  strain  loses  virulence  on  cultivation  on 
artificial  media.     This  is  found  actually  to  be  the  case.     Thus, 
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the  strains  from  appendicitis,  on  isolation,  produced  ulcer  of 
the  stomach  or  duodenum  and  lesions  in  the  gall-bladder  in  1  per 
cent,  of  the  animals,  whereas  after  animal  passage  lesions  occurred 
in  30  and  40  per  cent,  respectively;  the  ulcer  strain  produced  le- 
sions in  the  gall-bladder  in  20  per  cent,,  when  isolated,  and  in  30 
per  cent,  after  animal  passage. 

The  more  frequent  occurrence  of  pancreatitis  and  cholecystitis, 
or  pancreatitis  and  ulcer  of  the  stomach  or  duodenum,  than  of 
appendicitis  and  pancreatitis,  is  well  known.  Since  lesions  of  the 
pancreas  following  injection  of  the  strains  from  ulcer  and  chole- 
cystitis as  isolated  (3  per  cent,  and  5  per  cent.),  and  especially 
after  animal  passage  (15  per  cent,  and  19  per  cent.),  are  more  com- 
mon than  following  injection  of  those  from  appendicitis,  it  might 
be  suggested  that  the  reason  for  more  frequent  occurrence  in  man  of 
pancreatitis  with  ulcer  and  cholecystitis  is  due  partly  to  the  fact 
that  the  infecting  organisms  are  more  nearly  of  the  grade  of  vir- 
ulence necessary  to  infect  the  pancreas,  and  not  wholly  due  to  the 
greater  proximity  of  the  organs.  And  why  might  not  the  greater 
severity  of  symptoms  and  the  more  frequent  occurrence  of  fatal 
peritonitis  following  surgical  intervention  in  pancreatitis,  chole- 
cystitis, and  after  perforation  in  gastric  ulcer  than  in  appendicitis 
be  due  to  the  greater  virulence  of  the  infecting  streptococcus  or 
other  bacteria  more  than  to  the  fact  that  they  are  situated  in  the 
upper  portion  of  the  peritoneal  cavity,  as  is  now  generally  believed? 
The  fact  that  the  virulence  of  the  strains  having  elective  affinity 
for  the  appendix  is  low  is  undoubtedly  an  important  factor  in  the 
successful  surgical  treatment  of  appendicitis.  If  this  were  not  so, 
strangulation  and  perforation,  so  prone  to  occur,  would  lead  almost 
always  to  a  fatal  peritonitis.  It  might  be  suggested,  too,  that  the 
real  cause  of  a  fatal  peritonitis,  with  or  without  surgical  interven- 
tion, is  due  more  often  to  invasion  by  particularly  virulent  bacteria 
than  to  other  factors,  such  as  slight  variations  in  operative  technic. 

The  occurrence  of  lesions  in  the  intestines  following  injection  of 
the  strains  from  appendicitis  (9  per  cent.),  ulcer  of  the  stomach  (7 
per  cent.),  and  cholecystitis  (17  per  cent.)  is  due  partly  to  the  large 
doses  injected,  but  even  then  it  is  probably  little  greater  than  could 
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reasonably  be  expected  in  the  spontaneous  disease  in  man,  could 
a  thorough  search  for  them  be  made.  Here,  again,  the  incidence 
of  lesions  tends  to  become  greater  on  animal  passage.  It  should 
be  stated  here  that  in  some  instances  colon  bacilli  from  the  ap- 
pendix in  appendicitis  and  the  gall-bladder  in  cholecystitis  showed 
a  similar  elective  affinity  for  the  organ  from  which  isolated  when 
injected  in  animals. 

From  these  results  the  conclusion  seems  warranted  that  ap- 
pendicitis, ulcer  of  the  stomach  and  duodenum,  and  cholecystitis 
are  largely  embolic  infections  from  some  distant  focus  of  infection, 
or  even  from  the  more  or  less  normal  intestinal  tract,  by  strepto- 
cocci or  other  bacteria  having  elective  affinity  for  these  structures, 
and  that  the  simultaneous  presence  of  two  or  more  of  these  dis- 
eases in  the  same  individual  is  in  the  beginning  due  more  often  to 
this  cause  and  not  so  often  to  infection  by  continuity  or  by  way  of 
the  lymphatics.  Finally,  since  these  bacteria  can  be  made  to 
shift  in  their  localization  by  cultivation  on  artificial  media  and  by 
animal  passage,  and  because  the  peculiar  affinity  of  the  strains  in 
the  focus  is  present  only  at  the  time  of  the  attack,  it  is  highly 
probable  that  the  so-called  focus  of  infection  is  not  only  the  place 
of  entrance,  but  the  place  where  opportunity  is  afforded  for  bacteria 
to  acquire  the  various  affinities  necessary  to  infect.  Hence  the 
importance  of  a  thorough  search  for  the  presence  of  foci  of  infection 
and  their  eradication  if  possible.  In  other  words,  the  presence  of 
appendicitis,  and  especially  of  ulcer  of  the  stomach  and  duodenum, 
and  cholecystitis  are  to  be  considered  good  evidence  for  the  exis- 
tence of  some  distant  focus  of  infection,  and,  because  these  lesions 
may  act  as  secondary  foci,  drainage  or  surgical  removal  of  the 
diseased  tissue,  if  this  can  be  done  with  little  risk,  is  undoubtedly 
a  most  rational  treatment. 
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AN  EPIDEMIC  OF  APPENDICITIS  AND  PARO- 
TITIS, PROBABLY  DUE  TO  STREPTOCOCCI 
CONTAINED  IN  DAIRY  PRODUCTS* 

EDWARD    C.    ROSENOW   AND    STELLA    I.    DUNLAP 


The  occurrence  of  appendicitis  in  epidemic  form,  its  seasonal 
prevalence,  and  its  occurrence  in  several  members  of  the  same 
family  have  been  noted  repeatedly  (Mantle,^  Hood,*  Martin,' 
Wahle,*  Haim,*^  and  Rostouzew*). 

The  epidemic  of  appendicitis  and  parotitis  studied  by  us  oc- 
curred at  the  Culver  Military  Academy,  Culver,  Indiana.f  From 
February  21  to  March  5,  1915,  a  period  of  twelve  days,  there  oc- 
curred eight  cases  of  acute  appendicitis;  two  cadets  developing 
appendicitis  on  the  same  day.  Seven  of  the  eight  patients  were 
operated  on  and  the  diagnosis  verified.  All  recovered.  Only 
seven  cases  developed  during  the  rest  of  the  school  year — two  in 
October,  one  in  January,  three  in  April,  and  one  in  May. 

Previous  to  the  sudden  outbreak  of  appendicitis  two  cadets 
developed  parotitis.  During  the  prevalence  of  appendicitis  5 
developed  parotitis,  while  during  March  and  April  there  occurred 
27  cases.  In  May  only  3  developed  parotitis,  making  a  totalof 
34  cases.  From  April  10  to  18  there  occurred  an  average  of  one 
new  case  a  day,  and  on  April  25  three  students  developed  the 
disease.  During  the  epidemic  of  parotitis  3  cadets  developed  ap- 
pendicitis.   The  parotitis  was  not  limited  to  the  cadets  whose  ages 

*  Read  before  the  Minnesota  Public  Health  Association,  Rochester,  September 
29,  1915.    Reprinted  from  Jour,  of  Infec.  Dis..  1916.  xviii.  383-90. 

t  The  study  was  made  at  the  request  of  the  superintendent  of  the  academy-, 
Lieutenant-Colonel  L.  R.  Gignilleat.  We  wish  to  express  our  appreciation  to  him 
for  the  opportunity  and  to  Dr.  C.  E.  Reed  for  much  aid  in  the  work. 
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ranged  from  fifteen  to  nineteen  years,  but  occurred  in  several  older 
persons  as  well. 

The  occurrence,  character,  duration,  and  complications  of  the 
parotitis  were  typical  of  mumps.  The  epidemics  occurred  without 
associated  tonsillitis.  The  cases  of  appendicitis  were  so  dis- 
tributed among  the  population  as  to  rule  out  the  factor  of  trauma 
from  violent  exercise. 

The  total  number  of  persons  at  the  academy  who  ate  in  a  com- 
mon dining-room  of  the  same  food  was  approximately  500.  Of 
these,  430  were  cadets  ranging  in  age  from  fifteen  to  nineteen  years; 
30  were  members  of  the  faculty;  40  were  helpers,  and  had  to  do 
with  the  preparation  and  serving  of  the  food,  etc.  On  investiga- 
tion the  sanitary  conditions,  the  refrigerating  plant,  the  kitchen 
and  dining-room,  the  apparent  quality  of  food  served  and  method 
of  handling  it,  of  the  mode  of  life  as  to  exercise,  etc.,  the  general 
physique  and  health  of  the  cadets,  were  all  found  to  be  excellent. 

The  dairy  products  consumed  were  obtained  from  four  inde- 
pendent sources.  The  milk  and  cream  and  the  ice-cream  served 
at  the  mess  were  from  a  number  of  dairies  directly  under  the  super- 
vision of  the  authorities  at  the  academy.  These  dairies  were  kept 
in  first-class  condition,  the  milk  cooled  soon  after  milking,  and 
refrigerated  continuously  until  used.  The  butter,  of  first-grade 
quality,  was  an  Indiana  product  from  a  neighboring  town.  The 
cheese  was  from  southern  Wisconsin.  The  ice-cream  served  to 
many  cadets  at  a  neighboring  shop  was  found  to  be  prepared  from 
cream  obtained  from  local  dairies  under  unsanitary  surroundings, 
and  with  deficient  refrigeration.  Pasteurization  was  not  prac- 
tised. 

Since  virulent  streptococci  have  been  isolated  frequently  from 
the  udders  of  cows  with  mastitis,  and  even  from  normal  udders  in 
model  dairies  (Rosenow^),  and  since  epidemics  of  "septic  sore 
throat,"  scarlet  fever,  and  typhoid  fever  have  been  traced  to  milk, 
the  possibility  that  these  epidemics  were  due  to  bacteria  in  the 
dairy  products  had  to  be  considered.  Cultures  and  animal  in- 
oculations were  therefore  made  of  the  milk,  cream,  butter,  and 
cheese  which  were  for  general  consumption  at  the  mess,  and  the 
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ice-cream  which  was  consumed  by  the  cadets  at  the  neighboring 
shop.  A  similar  study  was  also  made  of  cultures  obtained  from  the 
tonsils  of  cadets,  members  of  the  corps  who  prepared  and  served 
the  food,  and  members  of  the  faculty  and  of  those  that  developed 
appendicitis. 

Technic, — The  technic  of  making  the  cultures  and  animal  in- 
oculations was  similar  to  that  described  by  me  in  connection  with 
the  production  of  appendicitis.^  The  cultures  from  the  cases  of 
parotitis  were  made  by  catheterizing  Steno's  duct  of  the  involved 
gland  and  from  the  tonsils.  The  bacteriologic  study  consisted  in 
the  main  of  making  blood-agar  plates  and  inoculations  into  a  series 
of  tall  columns  of  ascites  (10  per  cent.)-dextrose  (0.2  per  cent.) 
broth  of  the  material  examined.  These  were  incubated  at  37**  C. 
over  night,  the  character  of  the  growth  on  the  plates  noted,  smears 
of  the  cultures  in  broth  made,  and  those  free  from  bacilli  or  in 
which  there  were  only  few  to  be  found,  injected  intravenously  into 
rabbits  and  dogs. 

The  sediment  of  from  50  to  200  c.c.  of  milk  and  cream  was  used 
for  the  inoculations  of  the  media.  The  butter  and  cheese  (ap- 
proximately 0.5  c.c.)  obtained  in  a  sterile  manner  from  the  depth 
of  a  freshly  cut  surface  of  the  original  package  were  emulsified  in 
2  c.c.  of  sodium  chlorid  solution  and  then  planted.  An  attempt 
was  made  to  obtain  material  from  the  depth  of  the  tonsils,  and  not 
merely  by  swabbing  the  surface.  The  bacteria  for  injection  were 
suspended  in  salt  solution,  so  that  1  c.c.  contained  the  growth  from 
15  c.c.  of  the  broth  culture.  A  portion  of  the  suspension  injected 
was  again  plated  on  blood-agar.  The  animals,  often  injected  in 
series  with  doses  ranging  from  1  to  6  c.c,  were  chloroformed  usually 
in  forty-eight  hours  if  they  did  not  die  from  the  effects  of  the  in- 
jection. The  postmortem  examinations  were  made  as  soon  after 
death  as  possible.  The  organism  responsible  for  the  lesions  was 
determined  by  culture  and  sections. 

Results  of  Investigation 
Sections  have  been  made  from  four  of  the  human  appendices. 
All  showed  streptococci  in  the  tissues  and  some  in  almost  pure 
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culture.  Cultures  both  from  the  tonsils  and  from  the  wall  of  the 
appendix  were  made  in  one  patient.  The  culture  from  the  tonsils 
showed  a  predominating  number  of  short-chain,  green-producing 
streptococci,  a  few  hemolytic  streptococci,  and  a  moderate  number 
of  Micrococcus  catarrhalis,  and  those  from  the  wall  of  the  appendix 
showed  colon  bacilli  and  green-producing  streptococci.  The  cul- 
ture in  ascites-dextrose  broth  from  the  tonsils  of  this  patient  was 
injected  into  three  rabbits.     All  remained  well,  and  none  showed 


Fi^.  103. — Section  of  appendix  In  human  appendicitis.     Note  the  sloughing  of  the  mucous  mem- 
brane, the  hemorrhagic  and  leukocytic  infiltration  in  the  lymph-follicle,  mucous  membrane,  and  sub- 
Hematoxylin  and  eosin. 


lesions  in  the  appendix.  The  growth  from  the  wall  of  the  appendix 
produced  lesions  in  the  appendix  in  two  out  of  four  rabbits. 

The  findings  in  the  following  patient  will  further  illustrate  the 
results  obtained: 

Mr.  M.,  one  of  the  cadets  who  developed  symptoms  of  acute 
appendicitis  February  21,  was  operated  on  the  following  day  and 
the  acutely  inflamed  and  edematous  appendix  removed.  On  ex- 
amining the  appendix  the  lumen  was  found  to  be  very  narrow  and 
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filled  with  bloody  pus.  There  was  no  fecal  concretion  or  other 
foreign  body  nor  constricting  bands.  The  peritoneal  coat  was 
edematous  and  opaque,  and  over  the  portion  near  the  distal  end 
was  found  a  thin,  fibrinous  exudate.  The  mucous  membrane  was 
edematous  and  hemorrhagic  throughout  the  larger  portion,  and 
microscopic  examination  showed  this  to  extend  well  into  the  sub- 
mucosa  and  peritoneal  coat,  the  muscular  coat  being  quite  normal. 
Sections  showed  an  enormous  number  of  streptococci  within  the 
lumen  and  within  the  infiltrated  mucous  membrane  (Figs.  103  and 
104).   Scattered  diplococci  were  found  also  in  the  adjacent  lymph- 


Fig.  104. — Streptococci  in  submucojta  at  a,  shown  in  Fig.  103.    Gram-Weigert  (XIWO). 

follicles  and  peritoneal  coat.  In  the  lumen  there  were  found  also 
a  few  Gram-negative  bacilli  resembling  colon  bacilli,  and  what 
appeared  to  be  fusiform  bacilli.  Cultures  from  a  swab  of  the  ton- 
sils sent  me  by  Dr.  Reed  ten  days  after  the  operation  showed  a  pre- 
dominating number  of  green-producing  streptococci,  a  few  colonies 
of  hemolyzing  streptococci,  and  a  large  number  of  colonies  of 
Micrococcus  catarrhalis.  The  broth  culture  showed  a  pure  gro\^i:h 
of  a  short-chain  streptococcus.  Two  rabbits  were  injected  with 
the  latter  culture,  one  of  which  showed  hyperemia  and  hemorrhages 
in  the  mucous  membrane  and  peritoneal  coat  of  the  appendix; 
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the  other  did  not.  The  former  showed  a  few  hemorrhages  in  the 
tricuspid  valve  in  addition;  the  latter,  slightly  turbid  joint  fluid. 
The  cultures  from  the  blood  of  both  showed  pure  cu  tures  of  green- 
producing  streptococci  on  blood-agar  plates.  The  emulsion  of  one 
of  the  areas  of  hemorrhage  in  the  peritoneal  coat  of  the  appendix 
showed  many  green  colonies  of  streptococci. 

On  June  4th  cultures  from  the  tonsils  were  again  made.  They 
were  found  larger  than  normal,  but  not  badly  infected.  The  cul- 
ture in  ascites-dextrose  broth  was  injected  into  one  rabbit,  which 
developed  a  number  of  small  hemorrhages  in  the  appendix,  with 
hj-peremia  and  edema,  as  well  as  a  marked  hemorrhagic  edema  of 
the  parotid  and  associated  lymph-glands.  There  were  also  found 
a  number  of  hemorrhages  in  the  muscles,  particularly  in  the  ad- 
ductors of  the  thighs.  The  localization  in  the  parotid  is  of  inter- 
est, especifiUy  since  this  individual  was  the  janitor  in  the  hospital 
in  which  the  patients  with  parotitis  were  treated  and  would  have 
to  be  considered  a  carrier. 


LOCALIZATION  OF  STREPTOCOCCI  FOLLOWING  INTRAVENOUS 

INJECTION 
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The  table  gives  a  summary  of  the  results  obtained  following  in- 
travenous injection  of  streptococci  isolated  from  tonsils,  dairy 
products,  and  Steno's  ducts.  It  will  be  seen  that  the  cultures  ob- 
tained from  the  tonsils  of  normal  persons  soon  after  the  epidemic 
of  appendicitis  and  at  the  beginning  of  the  epidemic  of  parotitis 
produced  lesions  of  the  appendix  in  30  per  cent,  and  in  the 
parotid  gland  in  10  per  cent,  of  the  animals  injected.  After  the 
epidemic  of  parotitis,  cultures  made  in  exactly  the  same  way  pro- 
duced lesions  in  the  appendix  in  6  per  cent,  and  in  the  parotid  in 
20  per  cent,  of  the  animals  injected.  The  lesions  in  the  appendix 
here  correspond  with  the  average  incidence  of  lesions  in  the  ap- 
pendix (5  per  cent.)  following  injection  of  streptococci  from  a 
wide  range  of  sources.  The  cultures  from  the  tonsils  in  persons 
having  had  appendicitis  soon  after  the  epidemic  of  appendicitis, 
produced  appendicitis  in  47  per  cent,  of  the  animals  injected  and 
no  lesions  in  the  parotid.  The  dairy  products  soon  after  the  epi- 
demic of  appendicitis,  including  cultures  made  up  until  March  19, 
produced  lesions  in  the  appendix  in  41  per  cent,  and  in  the  parotid 
in  9  per  cent,  of  the  animals  injected,  while  during  and  soon  after 
the  epidemic  of  parotitis  the  strains  failed  to  produce  appendicitis, 
but  produced  parotitis  in  29  and  30  per  cent.,  respectively,  of  the 
animals  injected.  The  streptococci  obtained  from  patients  having 
parotitis  during  the  epidemic  produced  lesions  in  the  appendix  in 
15  per  cent.,  and  in  the  parotid  in  73  per  cent,  of  the  animals  in- 
jected. 

In  this  connection  it  should  be  noted  that  four  of  the  six 
persons  whose  tonsils  were  cultured  and  who  had  to  do  with  the 
serving  of  food,  including  the  waiter  of  the  table  where  two  cadets 
developed  appendicitis  on  the  same  day,  showed  streptococci 
having  affinity  for  the  appendix  of  rabbits.  One  of  these  is  subject 
to  repeated  mild  attacks  of  appendicitis. 

The  average  incidence  of  lesions  in  the  various  organs  and  the 
mortaUty  rate  in  the  animals  injected  with  the  cultures  from  the 
tonsils  or  throats  of  46  normal  persons  during  March  was  14 
and  41  per  cent,  respectively,  while  during  June  it  was  only  8  and 
33  per  cent,  respectively.     The  evidence  of  infection  in  the  tonsils 
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was  distinctly  greater  during  March,  although  none  complained 
of  sore  throat  and  in  none  was  the  inflammation  acute. 

The  occurrence  of  lesions  was  greater  in  the  animals  injected 
with  the  cultures  from  distinctly  infected  tonsils  (18  per  cent.) 
than  in  the  animals  injected  with  the  cultures  from  the  more  nor- 
mal tonsils  or  the  normal  throats  (four)  in  which  there  had  been  a 
previous  tonsillectomy  (10  per  cent.). 

Likewise  there  was  a  distinctly  higher  incidence  of  lesions  and 
greater  mortality  rate  following  injection  of  the  streptococci  from 
the  dairy  products  during  March  and  April,  11  and  26  per  cent, 
respectively,  than  during  June,  8  and  10  per  cent,  respectively. 
These  findings  suggest  that  the  seasonal  prevalence  of  strepto- 
coccal throat  infections  is  due  largely  to  an  increase  in  infective 
power  of  streptococci  in  tonsils,  and  possibly  in  dairy  products  as 
well. 

It  must  not  be  supposed  that  the  lesions  in  the  appendix  and 
parotid  are  merely  accidental.  Cultures  from  the  milk  and  cream 
produced  lesions  in  the  appendix  on  March  6th  and  19th,  while  those 
injected  on  March  13th,  April  25th,  and  June  4th  failed  entirely 
to  produce  lesions.  In  only  one  rabbit  did  the  cultures  from  the 
milk  and  cream  produce  parotitis  (March  12th).  Cultures  from 
the  butter,  made  March  5th  and  13th  and  on  April  9th  and  25th 
and  June  4th,  did  not  produce  lesions  in  the  appendix,  while  lesions 
in  the  parotid  were  produced  in  rabbits  following  injection  of  cul- 
tures from  all  the  samples  obtained  on  the  four  latter  dates.  The 
cultures  from  the  samples  of  butter  obtained  on  April  9th  showed 
a  large  number  of  two  types  of  colonies  of  streptococci:  the  one 
produced  distinct  green  colonies  on  blood-agar,  the  other  produced 
smaller,  grayish,  elevated,  round  colonies  surrounded  by  a  narrow, 
hazy  zone  of  hemolysis.  Injections  of  the  mixture  produced 
marked  edema  and  hemorrhage  of  the  parotid  in  both  of  two  rab- 
bits. Pure  cultures  of  the  latter  (second  culture)  produced  marked 
edema  of  the  parotid  and  hemorrhage  of  the  parotid  in  two  out  of 
three  rabbits.  The  strain  which  grew  in  pure  culture  in  dextrose 
broth  produced  similar  lesions  in  both  of  two  rabbits,  and  the 
swelling  and  cellular  infiltration  considered  characteristic  of  mumps 

'15—19 
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were  produced  in  each  of  three  dogs,  after  injection  into  Steno's 
duct.*  The  cultures  from  the  cream  and  ice-cream  supplied  at 
the  neighboring  shop  produced  many  lesions  of  the  appendix  in 
both  of  two  rabbits  injected  March  19th,  while  cultures  on  two 
subsequent  occasions  after  the  plant  was  remodeled  failed  to  pro- 
duce either  appendicitis  or  parotitis.  Cultures  from  the  cheese 
failed  to  produce  either  appendicitis  or  parotitis  on  March  15th, 
but  produced  appendicitis  on  March  13th,  parotitis  on  April  25th 
and  on  June  4th.  Cultures  made  May  7th  and  June  4th  from 
butter  and  ice-cream  from  another  source  failed  to  produce  either 
appendicitis  or  parotitis.  Investigation  showed  that  mumps  was 
present  in  epidemic  form  in  the  communities  where  the  butter  and 
cheese  was  manufactured  during  April  and  May — the  time  paro- 
titis was  so  prevalent  at  the  academy  and  the  time  when  there  was 
found  in  them  streptococci  having  such  marked  affinity  for  the 
parotid  gland.  The  possibility  of  infection  at  the  academy  of  the 
butter  and  cheese  with  these  strains  is  excluded,  because  the  cul- 
tures were  made  from  the  original  packages,  but  whether  these 
strains  were  from  human  sources  or  were  from  the  udder  of  the 
cows  is  impossible  to  say.  It  might  be  said,  however,  that  the 
fermentative  powers  of  some  of  the  strains  having  affinity  for  the 
appendix  suggest  the  latter  origin,  while  those  producing  parotitis 
had  fermentative  powers  suggesting  the  former  source. 

The  cultures  from  the  dairy  products  showed  a  preponderance, 
often  in  almost  pure  form  and  in  enormous  numbers,  of  non- 
hemolyzing,  short-chain-producing  streptococci.  Slightly  hemo- 
lyzing  streptococci  were  found  occasionally.  All  were  of  a  rela- 
tively low  grade  of  virulence,  but  those  producing  parotitis  caused 
death  more  frequently  than  those  producing  appendicitis. 

The  importance  of  the  streptococci  contained  in  the  dairy  prod- 
ucts as  a  possible  source  of  infection  for  man  is  further  shown  by 
the  fact  that  6  per  cent,  of  the  animals  showed  ulcer  of  the  stom- 
ach, 6  per  cent,  cholecystitis,  28  per  cent,  arthritis,  6  per  cent, 
endocarditis,  20  per  cent,  myocarditis,  and  26  per  cent,  myositis. 
The  high  incidence  of  myositis  and  myocarditis,  occurring  two  and 

*  The  results  of  the  experiments  with  the  organisms  from  parotitis  will  be 
detailed  in  a  separate  paper. 
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five  times  as  often  as  with  streptococci  from  the  tonsils,  is  of  spe- 
cial interest,  and  is  in  accord  with  the  findings  of  Rosenow  and 
Moon,*  who  showed  that  streptococci  from  milk  during  an  epi- 
demic of  sore  throat  had  a  marked  affinity  for  the  muscles  in  ani- 
mals. 

The  lesions  other  than  those  in  the  appendix  and  parotid  fol- 
lowing injection  of  the  streptococci  from  the  tonsils  parallels  very 
closely  indeed  those  obtained  previously  by  one  of  us  with  strepto- 
cocci from  similar  sources.  It  is,  of  course,  realized  that  liability 
to  infection  following  ingestion  of  the  streptococci  by  man  is  less 
than  following  intravenous  injection  in  animals.  Yet  that  it  may 
occur  must  be  conceded. 

Normal  persons  (10  per  cent.)  during  and  immediately  after 
the  epidemic  (20  per  cent.)  who  harbored  streptococci  having 
elective  affinity  for  the  parotid  in  animals  must  be  regarded  as 
carriers. 

It  would  appear  then  that  these  epidemics  of  appendicitis  and 
parotitis  were  due  to  streptococci  contained  in  dairy  products. 
In  view  of  this  fact  and  the  fact  that  milk  is  so  excellent  a  culture- 
medium  makes  efficient  pasteurization  or  some  other  means  of 
destroying  the  pathogenic  bacteria  which  may  be  present  in  milk 
imperative  in  order  that  the  public  health  may  be  safeguarded. 
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ACUTE  PERFORATIONS  IN  ABDOMEN— TRAU- 
MATIC,  SPONTANEOUS  * 

WILLIAM   J.    MAYO 


The  question  of  acute  perforations  in  the  abdomen  is  an  exceed- 
ingly important  one,  because  in  acute  perforations  we  are  at  once 
confronted  with  one  of  the  most  serious  accidents  that  can  possibly 
happen  to  the  patient.  It  is  one  in  which  the  judgment  exercised 
by  the  surgeon  probably  will  determine  whether  that  patient  will 
live  or  die,  yet  a  judgment  for  which  there  is  comparatively  little 
time  for  the  surgeon  to  make  up  his  mind,  because  that  patient 
must  be  operated  on  at  once  if  he  is  to  be  saved.  This  is  true  to  a 
very  large  extent  both  of  spontaneous  perforations  and  of  those 
perforations  which  are  the  result  of  traumatism. 

Taking  up,  first,  the  question  of  the  necessity  of  immediate 
operation:  I  have  been  very  much  interested  in  the  reports  that 
come  from  the  battle-field  indicating  the  changing  opinion  as  to 
whether  or  not  military  gunshot  wounds  should  be  subjected  to 
immediate  operation.  It  has  been  claimed  by  military  writers  that 
gunshot  injuries  of  the  abdomen  which  are  operated  on  did  not 
show  a  better  mortality  rate  than  those  in  patients  who  were  left 
without  operation.  But,  as  pointed  out  by  a  number  of  recent 
writers,  the  death-rate  has  been  on  the  battle-field,  the  soldier  who 
received  the  gunshot  injury  not  being  able  to  get  back  to  the  base 
hospital.  Therefore  the  comparison  was  an  unfair  one.  It  was 
only  those  patients  naturally  selected  by  the  nature  of  their  injury 
who  ever  got  back  of  the  battle-line,  and  when  they  got  back  to 
the  base  hospital,  the  very  fact  that  they  had  been  able  to  live 

*  Stenographic  report  of  addr&s  before  the  Chicago  and  Northwestern  Suigical 
Association,  December  10-11,  1015,  Rochester,  Minn.  Reprinted  from  the  Rail- 
way Surgical  Journal,  1916,  xxii. 
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forty-eight  hours  instead  of  dying  on  the  battle-field  made  the 
difference,  so  that  the  real  mortality  rate  should  be  studied  not 
at  the  base  hospital,  among  these  patients  selected  by  the  nature 
of  their  injuries,  and  therefore  much  more  likely  to  recover,  but 
rather  by  taking  note  of  all  the  injuries  as  they  occur  on  the 
battle-line. 

Summing  it  up  in  this  way,  several  surgeons  have  shown  that, 
considering,  on  the  one  hand,  only  those  abdominal  injuries  occur- 
ring at  the  battle  front  in  which  operation  has  been  done  two,  three, 
or  four  hours  after  injury,  as  contrasted  with  the  total  number  of 
abdominal  injuries,  the  mortality  of  the  unoperated  patients  is 
nearly  three  times  as  great  as  the  mortality  of  those  operated  on, 
provided  the  latter  were  operated  on  within  six  hours.  Now,  this 
is  equally  true  both  of  perforations  that  are  produced  by  trauma- 
tism and  of  spontaneous  perforations.  In  spontaneous  perfora- 
tions there  are  a  number  of  different  circumstances  entering  into 
the  question,  such  as  the  nature  of  the  viscus  that  perforates,  the 
character  of  its  contents,  and  the  amount. 

We  will  consider  here,  on  the  one  hand,  spontaneous  perforations 
of  the  stomach,  duodenum,  gall-bladder,  appendix,  and  pancreas 
(which  we  speak  of  as  fat  necrosis) ;  and,  on  the  other  hand,  the 
traumatic  perforations  of  the  intestines  and  of  the  bladder.  In 
addition  to  these  there  are  perforations  of  tumors,  etc.,  which  I 
shall  not  discuss. 

Taking,  then,  as  our  guide  the  most  common  type  of  perforation 
outside  of  the  appendix — that  of  the  duodenum :  If  we  compare  the 
results  of  perforations  of  the  duodenum  with  perforations  of  the 
stomach,  we  find  first  that  perforations  of  the  duodenum  are  often 
followed  by  recovery.  In  perforation  of  the  duodenum,  with  its 
relatively  sterile  contents,  comparatively  small  in  amount,  the  leak- 
age may  be  small  as  contrasted  with  that  from  the  stomach.  Then, 
too,  about  the  duodenum  we  have  the  gall-bladder,  the  liver,  the 
suspensory  ligament,  and  the  transverse  colon,  all  of  which  aid,  so 
to  s|>eak,  in  plugging  such  leaks.  Therefore  we  find  that  many 
patients  with  perforation  of  the  duodenum  get  better,  and  that  is 
also  somewhat  true  of  perforations  near  the  pylorus.    But  when  we 
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come  to  the  stomach,  with  its  large  content  and  the  absence  of  any 
organ  close  to  it,  except  the  pancreas,  on  the  posterior  wall,  we  find 
that  free  perforation  of  the  stomach  into  the  general  peritoneal 
cavity  is  more  fatal,  because  a  much  larger  quantity  of  material 
escapes. 

In  our  experience  perforation  of  the  gall-bladder  has  been  one  of 
the  most  fatal  of  the  various  forms  of  perforations.  This  is  because 
the  large  majority  of  patients  who  have  perforation  of  the  gall- 
bladder have  had  previous  attacks  of  gall-stone  colic,  in  some  cases 
prolonged  for  several  days,  and  they  are  more  apt  to  die  when  per- 
foration occurs  into  the  free  peritoneal  cavity,  not  because  of  the 
nature  or  quantity  of  the  contents  of  the  gall-bladder,  for  both  of 
these  would  be  comparatively  insignificant,  but  because,  as  a  rule, 
the  patient  will  not  be  operated  on  for  four  or  five  days,  feeling 
certain  that  the  condition  is  nothing  more  than  that  of  previous 
attacks. 

As  I  remember,  we  have  had  this  year  four  cases  of  acute 
simultaneous  perforation  of  the  gall-bladder  and  appendix  into 
the  general  peritoneal  cavity,  the  diagnosis  being  verified  at  the 
time  of  operation.  Therefore  when  we  find  a  perforation  of  the 
gall-bladder,  it  is  always  wise  to  look  at  the  appendix.  It  may 
be  that  the  perforation  in  the  appendix  comes  first,  the  infection 
then  being  carried  through  the  portal  circulation  to  the  gall-blad- 
der, causing  a  necrosis  of  this  organ  also. 

Perforations  of  the  pancreas  form  an  exceedingly  fatal  group, 
although  we  now  know,  from  observations  made  in  cases  of  fat 
necrosis  occurring  in  patients  who  were  operated  on  during  a  period 
when  they  were  getting  better,  that  a  number  of  these  cases  do  get 
well  spontaneously — probably  a  much  higher  number  than  we  have 
been  aware  of.  Nature  has  been  able  to  care  for  the  infection,  and 
the  patient,  after  an  illness  that  nearly  took  his  life,  was  able  to 
recover. 

How  are  we  going  to  know  whether  or  not  perforation  has  oc- 
curred.'^   That  is  really  the  crux  of  the  entire  problem. 

I  take  it  that  every  one  of  us  here  believes  that  if  perforation  of 
a  viscus  has  really  taken  place,  then  we  should  operate  and  operate 
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at  once.  Our  experience,  for  instance,  has  been  that  patients  with 
perforation  operated  on  within  the  first  eight  hours  have  nearly  all 
recovered,  and  that,  as  the  time  of  operation  progressed  beyond 
that  period  up  to  twenty  or  twenty-four  hours,  a  progressively 
higher  percentage  of  patients  have  died.  Curiously  enough,  after 
the  first  twenty-four  hours  the  mortality  improves  again,  for  the 
reason  that  in  those  patients  operated  on  early  the  peritoneum  has 
been  able  to  ward  oflF  infection  to  a  reasonable  extent.  In  the  second 
period  are  similar  cases  in  which  infection  has  actually  taken  place, 
and  I  think  that  is  why  patients  in  the  third  period  have  gotten 
well  in  a  larger  percentage  than  have  those  in  the  second  period — 
they  were  patients  who,  had  they  gone  on  a  little  further,  would 
have  had  what  we  might  call  spontaneous  cure;  just  as  on  the 
battle-field  those  who  go  on  to  a  fatal  termination  are  more  liable 
to  do  so  in  the  first  twenty-four  hours,  while  the  patient  able  to  live 
for  four  or  five  days  before  operation  is  thereby  put  in  the  favorable 
class.  « 

There  is  one  thing  in  common  with  all  these  cases  which  I  be- 
lieve will  be  of  very  great  assistance  to  us  in  making  up  our  minds 
whether  or  not  a  patient  should  be  operated  on;  and  that  is  the 
question  of  muscular  rigidity.  You  will  remember  that  the  symp- 
toms of  perforation  are,  first,  the  sudden  attack  of  pain,  then  f aint- 
ness,  nausea  and  vomiting,  and  then  muscular  rigidity.  A  curious 
thing  about  this  muscular  rigidity  is  that,  if  no  hemorrhage  takes 
place  at  the  time  of  perforation,  as  often  happens  in  traumatic  cases, 
— such  as  the  case  of  a  man  squeezed  between  a  car  and  a  wall,  or  a 
case  such  as  I  have  seen  within  a  comparatively  short  time,  a  neck- 
yoke  breaking,  coming  back  and  striking  the  man  in  the  abdomen, — 
in  spite  of  the  fact  that  there  is  perforation,  if  there  be  no  hemor- 
rhage, an  improvement  comes  on  after  the  initial  period  of  shock. 
Yet  this  improvement  is  a  fatal  improvement.  I  do  not  know 
of  anything  that  is  so  fatal  as  the  improvement  that  takes  place 
in  a  patient  who  has  had  a  perforation,  and,  after  a  few  hours, 
has  recovered  from  the  immediate  eflFects,  in  whom  the  pain'  has 
disappeared,  and  who  says,  "Now  I  am  all  right."  But  is  he  all 
right .^     How  can  you  tell?     Has  he  muscular  rigidity?    If  he  is  all 
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right,  while  ordinarily  he  will  not  be  immediately  relieved  of  pain, 
there  should  be  no  muscular  rigidity.  Any  patient  who  continues 
to  have  muscular  rigidity  after  the  relief  of  pain  from  spontaneous 
causes  we  should  operate  on,  basing  our  decision  on  the  symptom 
of  muscular  rigidity. 

I  think,  therefore,  that  continuation  of  muscular  rigidity  is  the 
one  thing  that,  in  the  second  period,  tells  us  whether  the  patient  has 
perforation,  and  whether  or  not  he  should  be  operated  on. 

But  is  muscular  rigidity  one  of  those  signs  that  is  always  present? 
It  is  not.  There  is  a  type  of  peritoneal  cavity  that  is  anesthetic.  You 
all  remember  the  great  Swedish  surgeon  Lennander,  and  his  work 
on  the  question  of  the  sensitiveness  of  the  peritoneum.  He  pointed 
out  that  the  parietal  layer  is  the  more  sensitive,  but  the  visceral 
peritoneum  is  insensitive;  unfortunately  in  some  persons  the  parietal 
peritoneum  is  not  sensitive.  We  have  often  seen  patients — usually 
men  about  fifty,  of  considerable  flesh,  but  not  necessarily  so — who 
have  a  colic,  are  q^iite  ill  for  a  few  hours,  who  then  take  up  their 
work,  and  perhaps  at  seventy-two  hours  are  not  very  ill,  yet  when 
you  open  up  the  abdominal  cavity  of  one  of  this  type  you  find  it 
full  of  pus.  Therefore,  let  us  put  it  this  way:  The  continuation  of 
muscular  rigidity  in  a  doubtful  case  is  sufficient  to  warrant  opera- 
tion. 

In  connection  with  perforations  of  the  bladder.  I  have  happened 
to  see  several  intraperitoneal  perforations  of  the  bladder,  and  the 
interesting  thing  about  them  is  that,  though  they  may  take  place 
with  urine  accumulating  in  the  peritoneal  cavity,  the  patient  pass- 
ing more  or  less  urine,  really  out  of  the  peritoneal  cavity,  yet  the 
patient  may  go  on  in  this  condition  for  from  five  to  twelve  days 
with  no  peritonitis  whatever,  as  you  find  at  operation.  This 
means  that  if  the  urine  is  sterile,  there  will  be  no  immediate  peri- 
tonitis. In  these  cases  you  may  not  have  muscular  rigidity — 
there  may  be  simply  an  ascites. 

In  regard  to  these  cases,  remember  this:  When  you  do  not 
know  whether  or  not  a  man  has  intraperitoneal  rupture  of  the 
bladder,  get  all  ready  to  operate  before  you  put  a  catheter  or  a 
sound  into  his  bladder,  because  of  the  rapid  infection  which  takes 
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place.  No  matter  how  sterile  the  catheter,  no  matter  how  sterile 
we  believe  the  urethra  to  be,  the  mere  introduction  of  an  instru- 
ment under  such  circumstances  into  the  bladder  will  probably  be 
followed  shortly  by  fulminating  peritonitis.  So  if  you  are  going 
to  operate  in  case  you  find  perforation,  make  your  arrangements  to 
operate  at  once  following  the  determination  that  perforation  does 
exist. 


SUBDIAPHRAGMATIC  ABSCESS  * 

EDWARD    STARR   JUDD 


A  subdiaphragmatic  abscess  may  be  designated  as  a  collection 
of  pus  situated  immediately  below,  and  in  contact  with,  the  dia- 
phragm. This  subdiaphragmatic  space  is  divided  into  four  intra- 
peritoneal anatomic  subdivisions  and  two  extraperitoneal  celhdar 
spaces.  The  four  intraperitoneal  spaces  are  separated  from  one 
another  by  the  cruciform  arrangement  of  the  ligaments  of  the  liver. 
The  falciform  ligament  divides  the  subphrenic  space  into  a  right 
and  a  left  compartment,  and  each  of  these  compartments  is  again 
subdivided,  by  the  coronary  and  corresponding  lateral  ligament, 
into  a  large  anterior  and  a  small  posterior  part. 

The  right  extraperitoneal  subphrenic  space  is  between  the  layers 
of  the  coronary  ligament.  The  left  extraperitoneal  space  begins  in 
the  perinephritic  tissues  around  the  upper  end  of  the  left  kidney, 
and  extends  upward  between  the  peritoneum  and  the  muscular 
tissue  of  the  diaphragm.  On  the  right  side  pus  may  pass  between 
the  layers  of  the  lateral  and  coronary  ligaments,  thence  to  the  falci- 
form ligament,  and  may  go  even  as  far  as  the  umbilicus.  On  the 
left  side,  infection  originating  in  the  cellular  tissue  about  the  upper 
pole  of  the  kidney  may  dissect  upward  between  the  peritoneum 
and  the  diaphragm,  or  it  may  extend  downward  behind  the  colon. 

The  upper  limit  of  the  four  intraperitoneal  pouches  is  the  under 
surface  of  the  diaphragm;  and,  in  the  presence  of  infection,  the 
viscera  of  the  upper  abdomen  adhere  to  each  other  and  to  the 
abdominal  wall,  and  form  the  lower  limits  of  these  spaces. 

The  right  anterior  intraperitoneal  space  is  bounded  behind  by 

*  Read  before  the  Minnesota  Academy  of  Medicine,  Minneapolis,  Minn.. 
March  3,  1915.    Reprinted  from  the  Journal-Lancet,  1915.  xxxv,  619-623. 
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the  right  lateral  and  coronary  ligaments  of  the  liver.  It  is  bounded 
on  the  left  by  the  falciform  ligament;  and  below  this  space  is  the 
upper  surface  of  the  right  lobe  of  the  liver.  The  lower  anterior 
limit  of  this  division  is  often  formed  by  adhesions  between  the 
margin  of  the  liver  and  the  anterior  abdominal  wall,  though,  if  the 
infection  arises  below,  the  lower  boundary  is  formed  by  adhesions 
between  the  colon,  stomach,  and  omentum,  to  the  anterior  abdom- 
inal w^all.  If  the  appendix  is  the  source  of  the  trouble,  and  the 
infection  comes  in  from  behind,  the  line  of  adhesions  will  be  at  the 
anterior  edges  of  the  liver,  omentum,  and  colon,  with  the  pus  cavity 
in  front,  pushing  the  liver  down  and  back.  This  right  anterior 
space  communicates  at  its  outer  side  with  the  subhepatic  pouch, 
and,  through  this,  with  the  lumbar  pouch.  Infection  from  the 
appendix  may  pass  up  through  the  lumbar  and  subhepatic  pouches 
to  the  subphrenic;  and  infection  from  perforating  ulcers  may  also 
pass  downward  through  these  pouches  to  the  lower  abdomen. 

The  left  anterior  intraperitoneal  space  is  limited  by  the  left 
lateral  ligament  and  the  diaphragm,  and  is  bounded  on  the  right  by 
the  falciform  ligament  and  reflected  portions  of  the  peritoneum 
from  the  gastrohepatic  and  gastrosplenic  ligaments.  Below  this 
space  to  the  right  is  the  stomach;  below,  to  the  left,  the  spleen  and 
the  left  abdominal  wall.  An  abscess  in  this  space  is  often  spoken  of 
as  a  perigastric  abscess  or  as  a  perisplenic  abscess;  and  most  of  the 
infections  in  this  space  are  the  result  of  perforating  ulcers  of  the 
lesser  curvature  of  the  stomach. 

The  right  posterior  intraperitoneal  space  or  subhepatic  pouch 
is  bounded  above  and  in  front  by  the  liver  and  gall-bladder;  the 
right  lateral  and  coronary  ligaments  are  also  above  this  pouch. 
Posteriorly  are  the  right  crus  of  the  diaphragm  and  the  right  kid- 
ney. To  the  left  of  this  space  are  the  duodenum,  the  foramen  of 
Winslow,  and  the  vessels  of  the  liver  and  the  common  bile-duct. 
This  space  communicates  with  the  lesser  peritoneal  cavity  through 
the  foramen  of  Winslow;  and  the  appendix  is  most  often  the  source 
of  infection. 

The. left  posterior  intraperitoneal  space  is  the  same  as  the  lesser 
peritoneal  cavity.     It  rests  on  the  left  crus  of  the  diaphragm  and  on 
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the  pancreas.  To  the  left  is  the  spleen.  In  front  are  the  liver, 
lesser  omentum,  and  posterior  wall  of  the  stomach.  On  the  right  is 
the  duodenum,  the  foramen  of  Winslow,  liver  vessels,  and  the  bile- 
ducts.  This  pouch  is  not  so  often  the  seat  of  infection  as  the  other 
spaces.  Infection  extending  directly  to  this  fossa  most  often  has 
its  origin  in  perforating  ulcers  of  the  posterior  wall  of  the  stomach- 
A  detailed  knowledge  of  the  anatomic  divisions  and  boundaries 
of  these  spaces  is  important,  even  though  it  is  often  difficult  to 
determine  clinically  just  which  one  or  how  many  of  these  pouches 
contain  infection.  An  abscess  may  invade  any  one  of  these  spaces 
alone,  or  it  may  extend  to  several  of  them  at  the  same  time. 

Etiology 

Infection  seldom,  if  ever,  originates  in  these  spaces.  It  is  the 
general  opinion  that  the  infection  most  often  arises  in  the  appendix.. 
I  have  never  seen  a  case  of  primary  subphrenic  abscess.  Provided 
the  subhepatic  pouch  is  classed  as  a  subphrenic  compartment, 
infections  originating  in  the  appendix  are  more  likely  to  extend  to 
this  compartment.  It  has  been  contended  that  the  largest  per- 
centage of  these  cases  are  secondary  to  perforations  of  the  stomach 
and  the  duodenum.  In  reviewing  our  series  of  36  cases,  I  found 
that  the  largest  number  were  associated  with  former  operations  for 
appendicitis.  In  several  instances,  however,  it  was  impossible  to 
say  whether  or  not  the  appendix  was  the  source  or  cause  of  the 
infection.  In  many,  the  appendiceal  operation  had  been  per- 
formed months  before;  the  relationship  was  therefore  remote. 

There  can  be  no  question  but  that  the  subphrenic  abscess  is 
often  secondary  to  some  focal  infection,  such  as  tonsillitis,  influ- 
enza, boils,  etc.     The  following  cases  are  striking  illustrations: 

Case  A  (98,059). — This  patient,  a  man  of  twenty- two,  had 
grip  one  month  previous  to  coming  to  the  clinic.  He  was  in  bed 
with  fever  for  three  days.  Two  weeks  later  he  had  a  chill,  which 
was  followed  by  another  within  a  few  days.  After  that  he  had 
fever  in  the  afternoon  and  occasional  chills  and  vomiting.  He  com- 
plained of  pain  in  the  region  of  the  right  kidney,  and  had  lost 
30  pounds  in  weight.     Leukocytes,  18,200.     The  roentgenogram 
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showed  a  raised  diaphragm  on  the  left  side.  On  exploration,  a 
subdiaphragmatic  abscess  in  the  left  anterior  intraperitoneal  fossa 
was  found.  The  pain  in  the  region  of  the  right  kidney  had  been 
misleading.  There  were  slight  tenderness  and  possibly  a  little 
rigidity  of  the  muscles  on  the  same  side.  The  infection  in  the  sub- 
phrenic region,  in  this  case,  undoubtedly  gained  entrance  through 
the  circulation  at  the  time  the  patient  had  the  infection  of  the 
throat.  General  infection  followed  within  a  few  days  of  the  focal 
infection. 

Case  A  (100,797). — A  man,  aged  twenty-three.  Eight  months 
before  coming  to  our  clinic  he  had  had  several  carbuncles  on  the 
back  of  his  neck,  from  which  he  recovered  slowly.  The  last  attack 
occurred  three  months  previous,  and  one  month  previous  he  had  a 
sudden  colicky  pain  in  the  right  lumbar  region,  with  a  temperature 
of  101°F.  After  that  the  pain  and  tenderness  continued  in  the  right 
subdiaphragmatic  region,  with  a  rise  in  temperature  every  day. 
At  operation  a  right  subdiaphragmatic  abscess  (posterior  intra- 
peritoneal), containing  several  ounces  of  pus,  was  drained. 

The  patient  had  been  free  from  carbuncles  for  about  a  month, 
when  pain  occurred  suddenly  in  the  subphrenic  region,  but  as  no 
other  source  of  infection  could  be  found,  I  felt  sure  that  the  sub- 
diaphragmatic abscess  was  secondary  to  the  infection  from  the 
carbuncles. 

Case  A  (120,122). — A  man,  aged  thirty-five.  He  had  a  sub- 
diaphragmatic abscess  following  an  extensive  injury  to  the  peri- 
neum seventeen  months  before  he  came  to  our  clinic  for  examina- 
tion. In  the  accident  a  large  piece  of  steel  had  been  driven  through 
the  perineum  into  the  bladder.  There  was  more  or  less  general 
infection.  A  large  abscess  in  the  left  loin  was  drained,  which,  I 
believe,  was  a  subdiaphragmatic  abscess  caused  by  extension  of  the 
infection  through  the  lymphatics  from  the  perineum.  At  autopsy 
an  abscess  was  found  in  the  left  posterior  intraperitoneal  pouch, 
with  multiple  abscesses  in  the  liver.  The  infection  could  not  be 
traced  from  the  perineum  to  the  subdiaphragmatic  region,  but,  I 
think  it  is  fair  to  assume,  the  subdiaphragmatic  abscess  was  sec- 
ondary to  the  infection  following  the  injury. 

A  subphrenic  abscess  is  frequently  associated  with  general 
peritonitis.  The  Fowler  position  may  be  employed  to  avoid  this 
complication.  Barnard^  called  attention  to  the  fact  that,  when  a 
patient  lies  flat  on  his  back  in  bed,  the  posterior  extremity  of  the 
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subphrenic  space  is  about  one-half  inch  from  the  bed  mattress. 
The  pouch  of  Douglas,  in  the  pelvis,  is  also  about  the  same  distance 


Fig.  105. — DiHgram  showing  subdiaphragmatic  spaces  and  boundaries  formed  by  ligaments. 


from  the  mattress.  Between  these  two  pouches  is  a  bridge  of 
thick  muscle,  kidneys,  and  perinephritic  fat.  Profuse  serum  is 
thrown  out  when  the  peritoneum  is  invaded,  and  this  gravitates 
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into  these  pouches.  If  the  patient  is  propped  up  on  pillows  when 
this  fluid  is  still  in  the  serum  state,  it  all  gravitates  into  the  pelvic 
pouch,  where  it  may  be  drained.  Knowing  that  subdiaphragmatic 
infection  is  frequently  associated  with  low-grade  infections  in  the 
peritoneal  cavity,  I  think  it  is  well  to  be  on  the  lookout  for  accumu- 
lations of  pus  in  these  pouches  in  septic  patients  who  continue  toxic. 
Ross'  reviewed  3391  consecutive  cases  of  acute  appendicitis, 
and  among  them  found  30  subphrenic  cases,  or  8  per  cent,  of  the 
acute  appendiceal  cases.  He  notes  that  of  500  children  under 
fourteen  years  of  age  who  had  been  operated  on  for  appendicitis, 
there  was  only  one  case  of  subphrenic  abscess.  Ross  says  that  by 
far  the  most  frequent  mode  of  infection  of  the  subphrenic  region  is 
the  direct  extension  up  the  peritoneal  fossa?. 

Symptoms 

The  symptoms  produced  by  these  abscesses  vary  greatly;  in 
many  cases  there  is  more  or  less  of  a  general  toxemia,  with  inter- 
mittent temperature,  chills,  and  constant  and  marked  leukocy- 
tosis; often  the  local  symptoms  do  not  appear  until  late.  If  the 
condition  is  the  result  of  perforating  ulcers,  the  previous  history  of 
ulcers  will  help  in  making  the  diagnosis.  If  it  is  the  result  of  infec- 
tion in  the  appendix,  the  symptoms  will  depend  on  the  time  the 
patient  is  seen.  If  the  subphrenic  abscess  is  present  at  the  time  of 
the  operation  on  the  appendix,  it  will  usually  be  discovered.  Un- 
doubtedly, in  some  of  these  cases,  in  which  the  subphrenic  infection 
is  not  a  direct  extension  from  the  appendiceal  infection,  the  sub- 
phrenic abscess  has  not  been  discovered  at  the  time  of  the  first 
operation. 

Twenty-eight  of  our  36  patients  were  men.  The  ages  varied 
from  fourteen  years  to  more  than  sixty  years,  though  the  greater 
number  occurred  between  twenty-five  and  thirty-five  years  of  age. 
The  onset  of  the  symptoms  was  usually  slow,  though  in  some  cases 
it  was  sudden.  The  pain  was  pleuritic  in  character;  respiration 
was  painful.  The  onset  may  be  insidious,  with  sepsis  and  a  rise  of 
temperature,  as  in  a  few  of  our  cases  in  which  there  never  were 
localized  symptoms.    In  one  case  of  continued  sepsis  the  clinical 
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diagnosis  of  left  subphrenic  abscess  was  made  on  account  of  the 
raised  and  fixed  diaphragm  on  that  side.  The  leukocyte  count  is 
usually  high.  In  16  of  our  cases  it  varied  from  8800  to  22,000;  in 
only  3  was  it  normal,  and  in  these  the  abscesses  had  evidently 
existed  for  some  months.  I  believe  that  a  high  leukocyte  count  in 
uncertain  conditions  is  always  suggestive  of  a  subphrenic  abscess. 

In  our  cases  the  duration  of  the  trouble  varied  from  three  days 
to  ten  months.  The  roentgen  ray  was  especially  helpful  in  diag- 
nosing four  cases.  In  several  the  diagnosis  was  definitely  estab- 
lished with  the  aspirating  needle,  and  I  believe  the  needle  is  a  very 
important  aid  in  locating  these  abscesses.  The  local  symptoms  of 
pain  and  tenderness  may  be  marked.  Frequently,  the  muscles  of 
the  loin  are  rigid.  In  the  latter  cases  a  mass  can  usually  be  pal- 
pated. 

A  subphrenic  abscess  is  not  infrequently  associated  with,  or  the 
result  of,  other  infections  in  the  peritoneal  cavity.  I  wish  to  em- 
phasize the  importance  of  being  on  the  lookout  for  these  abscesses 
in  connection  with  all  types  of  septic  conditions,  no  matter  where 
the  primary  focus  may  be  located.  The  cases  in  this  series  have 
been  separated  into  nine  groups  according  to  the  source  of  infec- 
tion, as  follows: 

Group  I  (9  Cases). — ^Subphrenic  Abscesses  Associated  with 

Appendicitis 

Ages  of  Patients, — Fourteen,  nineteen,  twenty-three,  twenty- 
four,  twenty-six,  twenty-eight,  thirty-four,  thirty-four  years;  men, 
8;  women,  1. 

Blood, — Findings  were  noted  in  7  of  the  9  cases.  All  of  the  7 
had  leukocytosis— 8800  white  blood-cells  to  22,000  white  blood- 
cells. 

Roentgen  Ray. — Not  noted  in  6  of  the  cases;  negative  in  1  case; 
high  lying  and  fixation  of  the  diaphragm  in  2. 

Duration  of  Trouble. — Three,  four,  eight,  twelve,  sixteen, 
twenty-four,  and  forty  weeks. 

Results. — Eight  recovered  sufficiently  to  return  home;  1  died, 
aged  twenty-three;  necropsy  showed  multiple  abscesses  of  the 
liver. 

Symptoms. — Pain  in  the  right  side  and  in  the  back;  rigidity  of 
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muscles;  tenderness;  fever;  chills;  sweats;  in  some  instances  dis- 
tinct masses;  loss  of  weight;  leukocytosis.  (These  symptoms 
usually  developed  following  appendectomies  or  acute  attacks  of 
appendicitis.)  Three  cases  developed  shortly  after  appendectomy. 
One  patient  had  an  apparently  normal  appendix  removed;  infec- 
tion of  the  wound  followed;  shortly  afterward  a  kidney-stone  was 
passed.  Two  cases  apparently  originated  from  ruptured  appen- 
dices. In  one  there  was  drainage  of  a  subdiaphragmatic  abscess  two 
months  after  drainage  of  an  appendiceal  abscess.  One  patient  was 
operated  on  for  appendicitis  eight  months  previously,  but  the  ap- 
pendix was  not  found.  The  symptoms  continued  after  the  opera- 
tion. One  patient  had  an  appendectomy  nine  years  before  coming 
for  examination;  the  appendiceal  stump  was  removed  at  operation 
in  our  clinic  for  drainage  of  the  abscess. 

Group  II  (7  Cases). — Subdiaphragmatic  Abscesses  Associated 

WITH  GaLLtBLADDER  OPERATIONS 

Ages  of  Patients. — ^Twenty-three,  thirty-seven,  thirty-nine, 
forty-two,  forty-four,  forty-six,  forty-six  years;  men,  1;  women,  6. 

Blood, — Noted  in  one  case  only;  leukocytosis,  15,000. 

Duration  of  Trouble. — Eight,  eleven,  sixteen,  seventeen,  twenty, 
thirty,  and  one  hundred  twenty  days  after  operation. 

Results. — Three  patients  recovered  sufficiently  to  return  home; 
4  died — 1  in  two  months,  1  in  fifteen  days,  and  1  in  thirteen  days, 
after  operation,  and  I  two  weeks  after  drainage  of  an  abscess  that 
developed  after  the  operation  on  the  gall-bladder  four  months 
previously. 

Group  III  (7  Cases). — Subphrenic  Abscesses  Associated  with 
Ruptured  Duodenum 

Ages  of  Patients. — ^Thirty-one,  thirty-four,  thirty-six,  fifty-one, 
fifty-nine,  sixty,  and  sixty-three  years,  all  men. 

Blood. — Noted  in  3  cases,  and  leukocytosis  in  all,  varying  from 
10,000  to  21,000. 

Roentgen  Ray. — Not  noted  in  5  cases;  negative  in  2. 

Duration  of  Acute  Trouble. — One  week;  ten  days;  two,  three, 
and  three  weeks;  three  and  ten  months. 

Results. — Six  patients  recovered.  One  patient,  aged  fifty-one 
years,  died  eight  days  after  operation;  the  necropsy  showed  double 
pleural  pneumonia  with  degeneration  of  the  liver.  In  nearly  all 
cases  there  was  a  long  history  of  duodenal  ulcer  with  sudden  acute 
pain  (rupture) ;  subsequent  formation  of  tumor,  fever,  etc. 
•15— «0 
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Group  IV  (4  Cases). — ^Subphrenic  Abscesses  Associated  with 
Ruptured  GalltBladder 

Ages  of  Patients. — ^Thirty- two,  fifty-eight,  sixty-four,  and  sixty- 
eight  years;  all  men. 

Blood.—Soied  in  2  cases — 6000  and  16,800.  Not  noted  in  2 
cases. 

Roentgen  Ray, — Not  noted. 

Duration  of  Trouble, — Ten  days;  two,  six,  and  eight  weeks. 

Result, — All  recovered. 

Symptoms, — Usually  acute,  sudden,  severe  pain,  following  long 
gall-bladder  history  with  tumor-formation  around  costal  margin; 
rigid  muscles;  fever. 

Group  V  (2  Cases). — ^Subphrenic  Abscesses  Associated  with 
Perforating  Gastric  Ulcers 

Ages  of  Patients, — Thirty-six  and  fifty-eight  years;  both  men. 

Blood. — Not  noted  in  1  case;  leukocytosis,  16,000  and  20,000. 

Roentgen  Ray, — Not  noted. 

Duration  of  Trouble, — Four  and  nine  months. 

The  patient  was  drained  at  the  time  of  the  rupture,  but  the 
abscess  reformed. 

Results, — One  patient  recovered;  1  died  (abscess  ruptured 
through  the  pleura  and  emptied  into  the  bronchial  tube). 

Symptoms, — Usually  a  history  of  gastric  ulcer  and  acute  pain  at 
the  time  of  the  rupture,  followed  by  localized  mass  in  the  epigastric 
region. 

Group  VI   (1   Case). — Subdiphragmatic  Abscess  Following 
Operation  on  the  Stomach 

Age  of  Patient. — ^Fifty-one  years ;  man.  Operation  for  cancer  of 
the  stomach.  One-half  of  the  stomach  was  resected  and  gastro- 
enterostomy was  made.  The  patient  developed  pneumonia  in  five 
days  and  died  twelve  days  after  the  operation.  The  necropsy 
showed  pneumonia  involving  the  lower  lobes  of  both  lungs  and 
subdiaphragmatic  abscess,  the  result  of  necrosis  along  the  suture 
line  of  the  gastro-enterostomy. 

Group  VII  (1  Case). — Subdiaphragmatic  Abscess  Associated 
WITH  General  Peritonitis 

Age  of  Patient, — ^Fifty-four  years;  woman. 
Blood. — Not  noted. 
Roentgen  Ray, — Not  noted. 
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Result. — Died  three  days  after  subtotal  abdominal  hysterec- 
tomy and  appendectomy. 

Necropsy, — ^Right  empyema;  subdiaphragmatic  abscess  over 
liver,  right  side;  general  peritonitis;  intestinal  paresis;  sepsis  fol- 
lowing the  operation. 

Group  VIII  (2  Cases). — Subphrenic  Abscess  Associated  with 
Tuberculous  Lesion  Elsewhere  in  Abdomen 

Ages  of  Patients. — Thirty-three  and  fifty-six  years;  both  men. 

Blood. — No  leukocytosis  in  either  case. 

Roentgen  Ray. — ^Negative  in  1  case;  no  record  in  1  case. 

Duration  of  Trouble. — Four  and  ten  months. 

Results. — Both  patients  recovered. 

Symptoms. — In  1  case  pain,  fever,  and  loss  of  weight  for  four 
months;  rigid  muscles  and  increased  liver  dulness.  In  the  other 
case  the  symptoms  resembled  those  of  ruptured  gall-bladder. 

Group  IX  (3  Cases). — Subphrenic  Abscess  Following  Focal 

Infection 

Ages  of  Patients. — Twenty-two,  twenty-three,  and  thirty-five 
years;  all  men. 

Blood. — ^Leukocytosis  in  all  three  cases,  varying  from  18,000  to 
««,000. 

Roentgen  Ray. — Fixation  of  diaphragm  with  elevation  in  2  cases; 
negative  in  1  case. 

Duration  of  Trouble. — Six,  four,  and  two  weeks. 

Results. — ^Two  died  from  general  sepsis  and  multiple  abscesses 
of  the  liver;  1  recovered. 

Symptoms. — In  1  case  the  trouble 'apparently  followed  an  attack 
of  grip  one  month  previously;  chills,  fever,  pain  over  the  left  kid- 
ney, with  mass  in  the  left  side  and  rigidity;  rapid  loss  of  weight. 
One  case  apparently  followed  multiple  carbuncles,  with  sudden 
pain  in  the  right  lumbar  region  and  fever.  One  case  followed 
drainage  of  an  abscess  in  the  loin  and  suprapubic  cystostomy 
done  six  weeks  previously,  with  fever,  pain,  etc.,  after  operation. 

Treatment 

The  treatment  consists  of  free  drainage  as  soon  as  the  diagnosis 

has  been  established.    The  operator  should  plan  an  incision  which 

will  offer  the  most  direct  access  to  the  abscess  cavity.    More  often 

this  will  be  posterior,  and  the  dissection  will  extend  upward.    At 
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times  it  will  be  necessary  to  drain  through  the  pleura;  and  then  it 
will  be  best  carefully  to  suture  the  intercostal  muscles  to  the  dia- 
phragm before  opening  the  abscess,  or  to  pack  gauze  down  through 
the  pleura  to  the  unopened  abscess,  and  leave  it  in  place  for  several 
days  to  form  protective  adhesions  before  opening  the  pus  cavity, 
shutting  off,  in  this  way,  the  pleural  cavity  from  infection.  When 
the  abscess  is  opened,  there  will  usually  be  a  gush  of  a  large  quantity 
of  pus,  and  a  good-sized  cavity  will  remain.  If  the  drainage-tubes 
are  removed  too  soon,  the  opening  will  close  over,  and  the  pus  will 
again  accumulate,  requiring  secondary  drainage.  I  believe  these 
abscess  cavities,  especially  if  the  abscesses  are  of  long  standing, 
should  be  treated  in  much  the  same  way  as  empyema  cavity  is 
treated;  and  the  drainage-tubes  should  be  kept  in  place  for  a  con- 
siderable period.  The  surrounding  viscera  having  been  displaced 
for  some  time  become  firmly  fixed  in  their  new  position;  and  it 
requires  more  than  a  few  days  for  the  space  to  become  obliterated. 
For  this  reason  I  often  have  these  patients  wear  a  tube-drain  for 
several  weeks,  or  at  least  until  the  tissues  have  had  time  to  oblite- 
rate the  space  formerly  occupied  by  the  abscess. 

The  subphrenic  abscess  is  attended  with  considerable  mortality. 
The  unfortunate  results  are  often  due  to  the  fact  that  the  condition 
was  not  diagnosed  until  the  infection  had  become  too  extensive  to 
be  relieved  by  drainage. 

In  our  series  of  36  patients  there  were  11  deaths.  In  almost 
every  instance  death  was  due  to  an  extension  of  the  infection  to  the 
liver  and  to  the  formation  of  multiple  abscesses  in  this  organ. 
From  a  review  of  these  cases  it  seems  to  me  that  better  results  will 
be  attained — (1)  By  efforts  to  make  earlier  diagnoses;  (2)  by  being 
suspicious  of  any  case  that  shows  more  sepsis  than  can  be  accounted 
for,  and  (3)  by  employing  the  aspirating  needle  early.  When 
drainage  has  been  established,  it  is  important  to  maintain  it  until 
the  infection  has  all  disappeared  and  until  there  has  been  ample 
time  for  the  cavity  to  become  obliterated. 
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PERINEPHRITIC  ABSCESSES  * 

WILLIAM    F.    BRAASCH 


While  the  subject  of  perinephritic  abscess  has  been  well  re- 
viewed in  various  articles,  its  exact  pathology  is  still  undetermined, 
and  the  question  as  to  whether  a  perinephritic  abscess  may  origi- 
nate in  the  perirenal  tissues  without  any  primary  involvement 
remains  unanswered.  Perinephritic  abscesses  have  been  referred 
to  as  primary  or  secondary:  those  originating  in  the  perinephritic 
tissues  being  termed  primary,  while  all  others,  whether  originating 
in  the  kidney  or  some  other  focus,  have  been  regarded  as  second- 
ary. The  existence  of  a  primary  perinephritic  infection  has  never 
been  definitely  established  either  at  operation  or  at  autopsy.  Be- 
cause of  the  large  amount  of  evidence  which  demonstrates  that  in- 
fection of  the  perirenal  tissues  is  secondary  to  infection  in  sur- 
rounding foci,  it  would  be  more  logical  to  regard  all  perinephritic 
infection  as  secondary  or  metastatic.  A  division  may  be  made  be- 
tween an  abscess  of  renal  origin  and  one  arising  in  other  tissues. 
The  former  group  should  be  termed  true  perinephritic  abscess;  the 
latter,  subdiaphragmatic  or  retroperitoneal. 

A  review  of  the  cases  operated  on  in  the  Mayo  Clinic  for  abscess 
in  the  perinephritic  tissues  lends  support  to  such  classification. 
One  hundred  and  one  patients  had  been  operated  on  up  to  January 
1,  1914,  for  abscess  involving  the  perirenal  area.  In  34  of  this 
number  it  was  proved  at  operation  that  the  abscesses  were  second- 
ary to  lesions  in  the  extra-urinary  tissues,  and  because  of  their 
situation  they  were  termed  subdiaphragmatic  or  retroperitoneal 

•  Read  before  the  American  Association  of  Genito-Urinary  Surgeons,  White 
Sulphur  Springs,  May  lS-20,  I9I5;  and  the  Southern  California  Medical  Society » 
July  18,  1915.     Reprinted  from  Surg.,  G^-n.  and  Obst.,  1915,  zxi,  631-635. 
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abscesses.  This  group  has  been  considered  separately  in  a  recent 
paper  by  Judd.^  There  remain  for  consideration  67  with  lesions 
which  may  be  regarded  as  perinephritic  abscess.  Of  this  number, 
46  were  male  and  21  female,  or  practically  a  ratio  of  2  to  1.  In  36 
patients  the  abscess  was  found  on  the  right  side,  and  in  31  on  the 
left,  or  practically  equal.  On  reviewing  the  cases  the  following 
direct  etiologic  factors  were  found  in  the  order  of  their  frequency. 

1.  Pyonephrosis. 

2.  Renal  tuberculosis. 

3.  Nephrolithiasis. 

4.  Cortical  abscess. 

5.  Traumatic  rupture. 

Pyonephrosis. — Inflammatory  or  mechanical  destruction  of  the 
renal  tissue  may  exist  for  years  without  seriously  incapacitating  the 
patient  except  by  occasional  attacks  of  pain.  A  perinephritic 
abscess  will  not  infrequently  suddenly  complicate  the  situation,  and 
the  patient  is  then  forced  to  seek  surgical  relief.  The  abscess  is 
usually  drained  at  once,  and  the  patient  may  go  about  for  years 
with  a  discharging  sinus  unless  the  kidney  is  removed.  Pyone- 
phrosis was  found  as  the  source  of  perinephritic  abscess  in  12,  or  19 
per  cent.,  of  the  67  cases.  Of  this  number,  3  were  large  infected 
hydronephroses  of  long  standing.  Immediate  nephrectomy  was 
done  in  10  cases,  and  drainage  with  subsequent  nephrectomy  was 
done  in  2.  The  value  of  cystoscopic  examination  is  rendered 
apparent  in  that  the  nature  of  the  lesion  and  the  functional  de- 
struction of  the  kidney  were  determined  prior  to  operation.  Drain- 
age alone  in  these  renal  lesions  is  frequently  attended  with  various 
complications,  and  subsequent  nephrectomy  may  be  rendered 
difficult. 

Renal  Tuberculosis, — ^Renal  tuberculosis  as  the  apparent  etio- 
logic factor  of  perinephritic  abscess  was  present  in  10,  or  15  per 
cent.,  of  the  cases.  Evidence  of  perirenal  infection  with  renal 
tuberculosis  is  often  found  at  operation  and,  while  it  is  more 
often  characterized  by  the  sclerotic  type,  the  formation  of  abscess 
may  occur.  Severe  pain  occurring  with  renal  tuberculosis  may 
be  the  result  of  mechanical  obstruction  in  the  ureter  and  is  usually 
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transitory  in  character.  With  perinephritic  complications  the 
pain  more  often  remains  continuous  over  a  period  of  weeks. 
It  is  not  usually  so  acute  as  with  other  types  of  perirenal  ab- 
scess, nor  are  the  other  symptoms  so  marked,  the  temperature 
and  the  leukocyte  count  being  considerably  lower.  The  prognosis 
of  perinephritic  abscess  accompanying  renal  tuberculosis  is  less 
favorable  than  with  other  forms  of  perirenal  infection.  Of  the  10 
cases  operated  on,  six  died  within  a  few  months  after  operation. 
In  seeking  the  cause  of  the  development  of  perinephritic  abscess 
with  renal  tuberculosis  it  may  be  inferred  that  it  is  the  result  of 
secondary  mixed  infection.  In  three  cases,  however,  no  bacterial 
growth  was  reported  on  culture. 

Nephrolithiasis. — With  stone  in  the  kidney  or  ureter  the  pain  is 
usually  intermittent  in  character.  When  the  pain  persists  over  a 
period  of  several  days  or  weeks,  it  is  the  result  either  of  continuous 
urinary  obstruction  or  of  perinephritic  abscess.  The  perinephritic 
abscess  frequently  brings  the  patient  suffering  from  nephrolithiasis 
to  a  surgeon,  when  the  occasional  colic  will  not.  Nephrolithiasis 
was  the  direct  cause  of  perinephritic  abscess  in  11,  or  16.4  per  cent., 
of  our  cases.  In  each  there  was  a  cortical  abscess,  the  evident 
result  of  the  stone,  which  in  turn  was  the  evident  cause  of  the 
perinephritic  infection.  The  appearance  of  the  perinephritic  ab- 
scess was  usually  marked  by  a  continuous  severe  pain  persisting 
for  several  days  or  weeks.  In  a  number  of  cases,  however,  there 
had  been  no  recent  clinical  data  suggestive  of  any  complication. 
The  abscesses  in  these  cases  were  small  and  had  burrowed  into  the 
perirenal  fat.  Nephrectomy  was  performed  in  six  cases,  while 
nephrolithotomy  and  drainage  of  the  perinephritic  abscess  effected 
a  cure  in  the  other  five  cases.  It  is  an  interesting  fact  that  the 
cases  in  which  the  perinephritic  abscess  was  directly  connected  with 
a  cortical  abscess  healed  merely  by  draining  the  perinephritic  ab- 
scess. This  apparently  explains  why  drainage  of  the  perinephritic 
abscess  may  suffice  to  cure  the  condition,  even  though  a  cortical 
abscess  be  the  underlying  cause. 

Cortical  Abscess. — ^Direct  evidence  of  acute  localized  renal  infec- 
tion, other  than  with  pyonephrosis,  lithiasis,  or  tuberculosis,  as  an 
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etiologic  factor  in  perinephritic  abscess  was  found  in  12,  or  18  per 
cent.,  of  the  cases.  Pus  in  varying  amounts  was  found  in  the  urine 
in  all  save  two.  Eight  of  the  patients  were  subjected  to  cystoscopic 
examination,  and  the  urine  catheterized  from  the  affected  kidney 
showed  microscopic  evidence  of  infection.  Of  considerable  interest 
are  the  two  cases  in  which  repeated  analysis  of  the  urine  failed  to 
show  any  marked  pathologic  element  save  a  trace  of  albumin  and  a 
few  hyaline  casts  that  were  regarded  as  of  no  practical  significance. 
At  operation,  perinephritic  abscesses  were  found  in  direct  communi- 
cation with  single  small  cortical  abscesses.  Recovery  of  the  patients 
followed  simple  drainage.  In  four  patients  but  a  single  cortical 
focus  could  be  ascertained  at  operation;  three  of  these  recovered 
after  drainage;  the  fourth  suffered  from  a  recurring  abscess  a 
month  later.  In  two  cases  multiple  cortical  abscesses  were  found 
and  nephrectomy  was  performed.  The  clinical  symptoms  in  this 
group  were  characterized  by  their  severity,  evidence  of  marked 
infection  being  present  in  all.  The  leukocyte  count  was  high  and 
varied  from  15,000  to  34,000. 

In  the  discussion  of  this  group  of  cases  it  is  of  interest  that  none 
of  our  series  of  perinephritic  abscesses  was  found  to  have  originated 
from  a  primary  pyelitis  or  pyelonephritis.  In  the  211  cases  of 
pyelonephritis  and  pyelitis  which  have  come  under  our  observation, 
there  is  no  record  of  previous  perinephritic  abscesses.  Chronic 
pyelonephritis  or  pyelitis  is  therefore  an  infrequent  cause  of  acute 
perinephritic  infection. 

Traumatic  Perinephritis. — Perinephritic  abscess  may  com- 
plicate traumatic  rupture  of  the  kidney,  usually  from  one  to 
three  weeks  following  the  injury.  It  occasionally  follows  severe 
injury  to  the  loin,  even  when  there  is  no  clinical  evidence  of 
renal  rupture.  Albarran's  well-known  experiment  demonstrated 
that  perinephritic  abscess  may  be  caused  by  trauma  directed  to 
the  perirenal  area.  It  might  be  inferred,  however,  that  peri- 
nephritic abscess  following  such  injury  may  result  from  a  rup- 
ture of  the  kidney  too  slight  to  give  clinical  evidence.  It  is  well 
known  that  the  kidney  may  be  ruptured  with  a  slight  injury 
only.     It  is  not  impossible  that  the  source  of  many  perinephritic 
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abscesses  following  injury  to  an  affected  loin  is  a  superficial 
rupture  of  the  kidney  with  secondary  infection.  Perinephritic 
abscess  complicating  rupture  of  the  kidney  was  found  in  four,  or 
six  per  cent.,  of  our  series.  In  three  cases  nephrectomy  was  neces- 
sary; in  one  case  in  which  an  abscess  followed  rupture  of  an  upper 
pole,  drainage  alone  was  done,  the  patient  making  an  uneventful 
recovery. 

Perinephritic  Abscess  Without  Renal  Involvement, — ^There  re- 
main 18  patients  in  whom  no  evidence  of  renal  involvement  was 
ascertained  on  clinical  examinations.  Two  of  this  group  had  symp- 
toms suggestive  of  possible  spinal  involvement  and  one  later  devel- 
oped a  typical  psoas  abscess.  Another  patient  gave  some  evidence 
of  possible  pelvic  source  of  infection,  which  leaves  14,  or  21  per 
cent.,  of  patients  with  no  data  as  to  the  source  of  the  infection.  In 
many  of  this  group  the  more  recent  methods  of  examination  were 
not  employed.  Doubtless,  with  the  aid  of  these  methods,  some 
evidence  of  renal  involvement  would  have  been  found  in  a  con- 
siderable percentage  of  these  cases.  There  will  be,  however,  a 
small  group  of  cases  in  which  no  evidence  of  renal  infection  is  found 
on  clinical  examination,  and  the  etiology  of  which  may  not  be  ascer- 
tained at  operation  because  of  the  exigencies  of  the  case.  This 
type  of  perinephritic  abscess  is  usually  more  acute,  and  in  all  prob- 
ability forms  a  comparatively  large  proportion  of  the  perinephritic 
abscesses  seen  in  the  emergency  hospitals  of  large  cities.  It  would 
seem  logical  to  infer  that  a  small  solitary  cortical  or  subcapsular 
abscess  is  the  cause  of  these  unidentified  perinephritic  abscesses. 
The  frequency  with  which  hematogenous  infection  subsequent  to 
some  superficial  lesion  occurs  in  cases  of  both  renal  and  perirenal 
infection  would  suggest  their  close  relationship.  It  is  this  small 
proportion  of  perinephritic  abscesses  which  has  been  regarded  as 
primary,  because  the  evidence  of  renal  involvement  ascertained  by 
means  of  the  data  available  at  operation  was  necessarily  incom- 
plete. It  is  in  recent  years  only  that  the  importance  of  several 
methods  of  clinical  examination  has  been  realized  in  the  diagnosis 
of  perinephritic  abscess.  With  the  aid  of  these  methods,  the  renal 
origin  of  such  abscesses  will  be  found  more  frequently.     The  diag- 
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nosis  of  perinephritic  abscess  would  be  inexact  without  the  data 
obtained  through  the  following  methods: 

1.  Repeated  urinalysis. 

2.  Bacteriologic  investigation  of  the  urine  catheterized  from 
each  kidney. 

3.  Estimation  of  the  comparative  renal  function. 

4.  Radiologic  examination,  including  that  of  the  urinary  tract 
and  of  the  thorax. 

5.  Pyelography. 

Urinalysis, — Israel  has  called  our  attention  to  the  value  of 
repeated  examinations  of  the  urinary  sediment  in  determining  the 
renal  origin  of  perinephritic  abscess.  He  maintained  that  a  few 
red  blood-cells  and  pus-cells,  together  with  albumin  and  occasional 
casts,  may  be  found  after  repeated  examination  in  practically 
every  case  of  perinephritic  abscess.  On  the  other  hand,  it  must  be 
remembered  that  a  few  red  blood-cells  and  pus-cells  may  be  found 
in  the  urine  as  the  result  of  a  coincidental  lesion  existing  in  the 
lower  urinary  tract,  a  fact  which  lessens  their  diagnostic  value.  The 
absence  of  red  and  white  blood-cells  in  the  urine  would  not  neces- 
sarily exclude  the  possibility  of  renal  origin.  A  practically  nega- 
tive urinalysis  was  reported  in  10  of  the  14  cases  of  unidentified 
perinephritic  abscess.  In  a  number  of  these,  however,  but  one 
urinalysis  was  made.  On  the  other  hand,  in  the  series  of  34  cases  of 
subdiaphragmatic  abscesses  of  definite  extrarenal  origin  reported 
by  Judd,^  red  blood-cells  or  pus-cells  were  found  in  the  urine  in 
three,  the  origin  of  these  cells  being  in  all  probability  in  coinci- 
dental chronic  urethritis,  trigonitis,  or  prostatitis  which  might  be 
diflScult  to  determine  clinically. 

Bacteriologic  Examinaiion, — Baum'  reported  seven  cases  of 
perinephritic  abscess  in  all  but  one  of  which  there  were  staphy- 
lococci in  the  urine.  Although  it  has  been  demonstrated  that 
bacteria,  and  particularly  staphylococci,  may  pass  through  the 
kidney  and  be  found  in  the  urine  without  the  existence  of  any  renal 
lesion,  the  proportion  of  such  cases  is  very  small.  Baum*s  report 
is  one  of  exceptional  interest  and  suggests  a  method  which  should 
be  of  considerable  value  in  determining  the  renal  origin  of  perine- 
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phritic  abscess  otherwise  overlooked.  The  accuracy  of  this  report 
is  corroborated  by  numerous  control  tests,  and  by  one  case  in  par- 
ticular, in  which  the  same  organism  was  obtained  from  the  urine 
as  appeared  in  the  perinephritic  tissue.  We  have  tried  the 
method  in  six  cases,  in  four  of  which  staphylococci  were  found  in 
the  urine;  in  two  cases  the  urine  was  negative  on  culture,  and  in 
one  of  these  a  retroperitoneal  abscess  extending  from  a  perforated 
duodenal  ulcer  to  the  perirenal  region  was  found  at  operation.  In 
two  cases  a  diflferential  culture  of  the  urine  catheterized  directly 
from  the  kidneys  showed  staphylococci  from  the  aflfected  side  only. 

Rencd  Functional  Test, — If  a  renal  lesion  is  the  cause  of  perine- 
phritic abscess,  a  comparative  diminution  of  functional  activity 
from  the  aflfected  kidney  must  follow.  Although  the  cortical  lesion 
may  be  slight,  an  appreciable  diflFerence  should  be  noted  between 
the  functional  output  of  the  two  kidneys.  Using  phenolsulphone- 
phthalein,  which  lends  itself  admirably  for  this  purpose,  we  have 
demonstrated  a  well-marked  diminution  of  dye  return  from  the 
aflPected  side  in  five  cases.  (This  number  includes  three  cases 
reported  in  a  previous  article.*)  In  one  of  these  the  microscopic 
examination  of  the  urine  was  practically  negative  save  for  a  trace 
of  albumin.  In  a  case  of  retroperitoneal  abscess  involving  the 
perirenal  area  and  secondary  to  duodenal  ulcer,  no  diflference  in  the 
functional  activity  of  the  two  kidneys  was  found.  In  one  case  of 
chronic  perinephritic  abscess  of  probable  renal  origin  the  diflference 
was  too  slight  to  be  of  practical  value. 

Radiographic  Evidence. — Roentgen  examination  of  the  urinary 
tract  must  necessarily  be  a  preliminary  step  in  every  case  of  perine- 
phritic abscess.  It  must  be  emphasized  that  a  well-marked  etio- 
logic  lithiasis  may  be  present  without  causing  preliminary  subjec- 
tive symptoms.  Roentgen  examination  of  the  lower  thorax,  made 
in  order  to  observe  any  abnormal  change  in  the  position  of  the 
diaphragm,  may  be  of  considerable  practical  value  in  differential 
diagnosis.  This  is  particularly  true  on  the  left  side,  where  both  a 
perinephritic  and  a  subdiaphragmatic  abscess  may  be  the  cause  of 
considerable  displacement. 

Pyelogram, — ^Renal  infection,  past  or  present,  usually  leaves 
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some  evidence  of  its  presence  in  the  outline  of  the  pelvis  or  ureter 
which  can  be  rendered  visible  by  means  of  the  pyelogram.  Very 
recent  infection  may  not,  however,  cause  sufficient  change  in  the 
pelvic  outline  to  be  of  diagnostic  value.  The  pyelogram  was  of 
considerable  value  in  two  of  our  cases  in  which  the  clinical  data 
suggestive  of  renal  involvement  were  indefinite. 

Differential  Diagnosis. — It  may  be  difficult  on  clinical  examina- 
tion to  diflFerentiate  perinephritic  abscess  from  acute  septic  ne- 
phritis. In  the  early  stages  of  abscess  development  the  symp- 
toms of  the  two  conditions  may  be  quite  similar;  both  may  be 
characterized  by  high  temperature,  leukocytosis,  severe  pain,  and 
tenderness  referred  to  the  aflFected  kidney  area.  However,  with 
the  increase  in  size  of  the  pemephritic  abscess,  palpation  will 
usually  determine  the  condition.  Although  the  existence  of  an 
acute  perinephritic  abscess  may  easily  be  determined,  chronic 
perinephritic  abscess  may  remain  unrecognized  until  revealed  at 
operation. 

It  may  be  difficult  to  diflFerentiate  between  a  subdiaphragmatic 
or  retroperitoneal  abscess  and  true  perinephritic  abscess.  As  a  rule, 
symptoms  of  the  original  lesion  and  a  more  general  invasion  of  the 
tissues  will  diflFerentiate  the  three  conditions.  The  data  obtained 
through  urinalysis,  cystoscopic  examination,  bacteriologic  exam- 
ination, renal  functional  tests,  and  the  roentgenogram  are  often  of 
considerable  aid  in  diflFerentiation. 

Results. — Of  the  67  patients  operated  on  at  the  Mayo  Clinic, 
two  (3  per  cent.)  died  as  the  result  of  the  operation.  Three 
other  patients  were  reported  dead  at  three,  seven,  and  twelve 
months,  respectively,  after  operation. 

The  subsequent  course  was  ascertained  in  51  of  the  remaining 
patients.  In  18  of  this  number  the  wound  had  healed  in  less  than  a 
month  after  operation.  Of  the  remaining  patients,  16  continued 
to  drain  for  two  months,  6  drained  for  three  months,  and  3  drained 
as  long  as  six  months  after  operation.  The  fistula  persists  to  the 
present  date  in  4  patients,  all  of  whom  drained  longer  than  six 
months.  In  2  of  these  patients  an  etiologic  renal  lesion  was  ascer- 
tained at  the  time  of  drainage  and  subsequently  nephrectomy  was 
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advised.  In  the  other  2  no  evidence  of  renal  lesion  was  discovered 
on  clinical  examination;  however,  the  more  recent  clinical  tests 
were  not  employed.  One  of  these  patients,  drained  one  and  one- 
half  years  ago,  has  returned  with  cystoscopic  evidence  of  an  etio- 
logic  renal  lesion  not  previously  discovered. 

The  question  is  frequently  raised  at  operation  whether  immedi- 
ate nephrectomy  or  drainage  of  the  abscess  alone  is  indicated.  In 
the  presence  of  a  large  fluctuating  abscess  and  marked  physical 
weakness  drainage  will  suffice;  if,  however,  evidence  of  consider- 
able renal  involvement  has  been  ascertained,  immediate  nephrec- 
tomy as  well  as  drainage  is  to  be  preferred  when  possible.  The 
practical  importance  of  previously  ascertaining  the  underlying 
renal  condition  is  self-evident. 
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SIGNIFICANCE   OF   VESICAL   SYMPTOMS    IN 
THE  DIAGNOSIS  OF  RENAL  CONDITIONS  * 
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The  relation  of  vesical  symptoms  to  renal  disease  is  much  the 
same  as  that  of  gastric  symptoms  to  disease  in  the  gall-bladder, 
appendix,  or  duodenum.  It  is  now  generally  recognized  that  reflex 
gastric  symptoms  may  predominate  in  the  clinical  picture  as  the 
result  of  disease  in  the  adjacent  alimentary  tract.  The  underlying 
lesion  in  the  kidney  may  have  little  or  no  localizing  symptoms, 
while  the  secondary  vesical  condition  may  give  rise  to  all  the  sub- 
jective symptoms.  The  renal  conditions  which  are  most  fre- 
quently the  cause  of  vesical  symptoms  are:  (1)  Tuberculosis;  (2) 
pyelonephritis;  (3)  lithiasis. 

1.  Renal  Tuberculosis. — ^Although  the  fact  that  vesical 
symptoms  usually  predominate  with  renal  tuberculosis  has  been 
reiterated  by  many  observers,  it  is  unfortunately  true  that  it  fails 
to  obtain  general  recognition.  Of  the  203  cases  of  renal  tuber- 
culosis which  I  reported  several  years  ago,*  90  per  cent,  of  the 
patients  had  vesical  symptoms  extending  over  a  period  of  six 
months  and  more  than  50  per  cent,  more  than  a  year.  The  re- 
mainder had  vesical  symptoms  the  cause  of  which  remained  unrec- 
ognized in  some  instances  as  long  as  ten  years.  During  all  of  this 
time  the  vesical  symptoms  were  treated  by  means  of  lavage  of  the 
bladder  and  various  internal  medications.  It  will  be  a  conservative 
attitude  to  regard  all  cases  of  persistent  irritability  of  the  bladder 
with  pyuria,  particularly  when  in  the  young  adult,  as  due  to  renal 

*  Read  at  the  joint  session  with  the  American  Association  of  Genito-urinary 
Surgeons.  Reprinted  from  the  Transactions  of  the  American  Gynecological  So- 
ciety, 1916. 
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tuberculosis  until  the  contrary  can  be  proved.  Early  recognition 
of  the  disease  not  alone  improves  the  prognosis,  but,  of  equal  im- 
portance, it  may  prevent  the  unfortunate  deep-seated  infection  of 
the  bladder  which  is  so  difficult  to  eradicate.  As  a  rule,  the  vesical 
symptoms  with  renal  tuberculosis  are  more  severe  in  the  male  patient 
than  in  the  female.  A  well-advanced  renal  tuberculosis  with  com- 
paratively slight  irritability  of  the  bladder  occurs  more  frequently  in 
the  female  than  in  the  male.  In  keeping  with  the  comparative  irri- 
tability of  the  bladder  is  the  fact  that  hematuria  with  renal  tuber- 
culosis also  occurs  more  often  in  the  male.  Most  of  the  hematuria 
noted  by  patients  arises  from  the  inflamed  and  ulcerated  mucosa  of 
the  bladder.  Gross  hematuria  originating  in  the  tuberculous  kid- 
ney usually  appears  in  large  amounts,  and  occasionally  occurs 
before  any  vesical  irritability  has  developed. 

2.  Pyelonephritis. — Diflfuse  infection  of  the  renal  paren- 
chyma and  pelvis  with  organisms  other  than  tubercle  bacilli,  and 
which  come  under  the  term  of  pyelonephritis,  usually  cause  a 
variable  degree  of  infection  of  the  bladder.  The  resulting  cystitis 
is  usually  less  severe  than  that  which  occurs  with  tuberculosis,  and 
consequently  the  vesical  symptoms  are  less  marked.  Occasionally, 
however,  the  cystitis  with  a  pyelitis  may  be  marked,  and  when 
accompanied  by  areas  of  ulceration,  is  suggestive  of  tuberculosis. 
When  the  infection  is  unilateral  and  the  urine  from  the  affected 
side  is  grossly  purulent,  the  two  conditions  may  closely  resemble 
each  other.  If  guinea-pig  inoculation  is  impracticable,  error  in 
diagnosis  may  easily  occur.  On  the  other  hand,  general  infection 
of  the  kidney  is  often  present,  with  purulent  urine  but  with 
little  or  no  infection  of  the  bladder  or  vesical  symptoms.  Local- 
izing symptoms  referred  to  the  kidney  occur  even  less  frequently 
with  pyelonephritis  than  with  renal  tuberculosis,  the  irritability  of 
the  bladder  alone  calling  attention  to  the  presence  of  the  pyelone- 
phritis. Pyelonephritis  as  the  cause  of  cystitis  in  the  adult  male 
was  found  in  109  of  the  121  cases  recently  reported  from  the  Mayo 
Clinic.^  In  the  adult  female  the  proportion  of  the  cases  of  cystitis 
as  the  result  of  chronic  renal  infection,  although  much  lower  than 
in  the  male,  is  nevertheless  very  great.  No  case  of  so-called  cystitis 
'15— «l 
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should  be  regarded  as  such  without  a  careful  exclusion  of  possible 
renal  infection.  The  treatment  of  such  cystitis  by  means  of  inter- 
nal medication  supposed  to  have  a  urinary  antiseptic  or  antispas- 
modic action,  or,  still  worse,  operations  on  the  pelvic  organs,  is  to  be 
strongly  condemned  unless  a  careful  investigation  has  first  been 
made  to  rule  out  the  presence  of  an  etiologic  renal  infection.  The 
simplest  way  to  establish  the  presence  of  renal  infection  ob\'iously 
is  by  ascertaining  the  presence  of  pus  in  the  urine  catheterized 
from  the  respective  kidneys.  The  amount  of  pus  in  the  urine  thus 
obtained  varies  markedly,  depending  on  the  degree  of  infection 
at  the  time  of  examination.  The  activity  of  a  chronic  renal  infec- 
tious process  varies  to  a  considerable  extent  and  at  times  may  be 
practically  dormant.  Should  the  urine  be  catheterized  during  the 
interval  of  comparative  improvement,  only  an  occasional  pus-cell 
might  be  found  in  the  urine.  Negative  urine  on  a  single  renal 
catheterization  would  therefore  not  exclude  the  possibility  of  a 
quiescent  renal  infection.  To  exclude  the  renal  infection  definitely 
a  bacteriologic  examination  of  the  urine  would  be  necessar>% 
and  only  if  negative  might  be  regarded  as  absolute  evidence. 
A  pyelogram  in  doubtful  cases  may  also  be  of  considerable  value. 
It  has  been  demonstrated  that  infection  in  the  renal  pelvis  and 
ureter  is  followed  by  dilatation  in  their  walls  as  the  evident  re- 
sult of  cicatricial  change.  Demonstration  of  such  dilatation  in 
the  outline  of  the  renal  pelvis  or  ureter  would  be  conclusive  e\'i- 
dence  of  previous  active  infection,  even  though  the  urine  failed  to 
show  any  evidence  of  active  infection  on  microscopic  examination. 
A  pyelogram,  moreover,  may  be  of  value  in  the  differentiation 
between  infection  involving  largely  the  pelvis  and  that  involving  the 
parenchyma,  as  ascertained  by  the  changes  peculiar  to  each  other. 
Renal  functional  tests  and  phenolsulphonephthalein  in  particular, 
owing  to  its  practicability,  may  be  of  corroboratory  and  differ- 
ential value.  It  has  long  been  known  that  diminution  in  renal 
destruction  may  frequently  be  ascertained  by  the  degree  of  dimi- 
nution of  dye  return.  As  Geraghty'  has  shown,  a  pyelonephritis 
is  characterized  by  considerable  decrease  in  phenolsulphone- 
phthalein return,  while  there  is  but  little  with  pyelitis.     Occa- 


VESICAL  SYMPTOMS  IN  RENAL  CONDITIONS  323 

sionally,  however,  pyelonephritis  may  be  present  without  any 
appreciable  diflference  in  functional  output. 

3.  LiTHiAsis. — At  the  time  of  colic  resulting  from  urinary  ob- 
struction by  stone  in  the  kidney  or  ureter,  irritability  of  the  bladder 
and  frequency  of  urination  are  often  predominant  symptoms  and 
may  be  of  importance  in  the  differential  diagnosis;  in  fact,  the  ab- 
sence of  vesical  irritability  coincident  with  pain  would  be  a  factor 
in  exclusion  in  the  interpretation  of  a  doubtful  renal  or  ureteral 
shadow.  When  the  stone  is  lodged  in  the  vesical  portion  of  the 
ureter,  and  the  pain  is  localized  largely  to  the  bladder  and  adjacent 
area,  vesical  irritation  may  be  persistent.  When  the  pain  with  low 
ureteral  stone  is  localized  to  the  suprapubic  or  low  inguinal  area,  it 
is  usually  the  result  of  a  localized  periureteritis.  The  impacted  stone 
causes  ulceration  in  the  ureteral  mucosa,  and  the  resultant  inflam- 
matory reaction  is  the  origin  of  constant  pain.  The  radiation  of  pain 
^dth  renal  lithiasis  may  be  largely  referred  to  the  area  of  the  bladder. 
This  is  particularly  true  in  children.  Recently  a  little  girl  of  ten 
came  under  my  observation  with  symptoms  only  of  severe  sudden 
pain  lasting  a  few  minutes,  localized  entirely  to  the  suprapubic  area. 
In  keeping  with  our  policy  to  radiograph  the  entire  urinary  tract  in 
cases  of  doubtful  abdominal  pain,  her  radiogram  showed  a  definite 
stone  in  the  right  kidney,  which  was  removed  with  her  recovery. 

Cystitis. — Although  a  very  large  proportion  of  cases  of  cystitis 
are  the  result  of  renal  infection,  it  should  not  be  stated  that  cystitis 
may  not  exist  as  a  primary  and  sole  focus  of  infection  in  the  urinary 
tract.  I  have  observed  a  number  of  cases  of  cystitis  where  careful 
examination  of  the  urine  catheterized  from  the  kidneys,  including 
bacteriologic  tests,  failed  to  show  any  evidence  of  renal  infection. 
Such  cases  are  less  common  in  the  male  without  urinary  obstruc- 
tion, but  are  of  frequent  occurrence  in  the  female.  The  possibility 
of  an  easy  route  for  ascending  infection  in  the  female  may  be  an 
etiologic  factor. 

Neurosis  of  the  Bladder. — While  such  a  term  may  not  be 
clinically  justifiable,  it  is  often  used  to  describe  a  condition  of  vesi- 
cal irritability  when  after  every  method  of  modem  diagnosis  has 
been  exhausted  no  apparent  cause  is  demonstrated.     Such  a  con- 
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dition  of  the  bladder  usually  occurs  when  other  evidence  of  neurosis 
is  also  present  and  appears  to  be  part  of  a  syndrome.  It  is  this 
unfortunate  group  of  patients  who,  in  their  eflfort  to  obtain  relief 
for  their  vesical  symptoms,  are  frequently  subjected  to  repeated 
needless  operations  on  the  adjacent  pelvic  organs. 

Symptoms  of  the  Bladder  as  the  Result  of  the  Extra- 
VESiCAL  Cause. — In  the  diflFerential  diagnosis  of  the  various  causes 
of  irritation  of  the  bladder,  the  influence  of  adjacent  extravesical 
conditions  should  be  considered.  Although  in  a  small  proportion 
of  cases  the  direct  influence  of  extravesical  conditions  may  be  the 
cause  of  vesical  symptoms,  their  importance  has  been  greatly  exag- 
gerated. This  is  particularly  true  in  displacement  of  a  uterus, 
otherwise  normal,  and  other  conditions  of  the  female  pelvis. 
That  operative  interference  is  frequently  employed  for  this  con- 
dition is  demonstrated  by  the  long  list  of  women  suffering  from 
vesical  symptoms  who  have  had  repeated  operations  for  uterine 
displacement,  cystocele,  etc.,  without  improvement  of  these  symp- 
toms. The  fact  that  countless  women  have  marked  displacement  of 
the  uterus  without  any  vesical  symptoms  does  not  seem  to  be  rec- 
ognized. It  is  questionable  whether  displacement  of  the  otherwise 
normal  uterus  can  cause  irritation  of  the  bladder  without  a  sec- 
ondary complication. 

When  vesical  symptoms  do  result  from  extravesical  cause,  they 
are  the  result  of:  (1)  Pressure  of  a  tumor;  (2)  mechanical  inter- 
ference; (3)  malignant  involvement,  and  (4)  direct  extension  of  an 
adjacent  inflammatory  process. 

1.  Pressure  of  a  Tumor, — The  pressure  on  the  bladder  of  large 
tumors  of  extravesical  organs  may  be  the  cause  of  vesical  irritation. 
It  is  surprising,  however,  how  small  a  proportion  of  uterine  tumors, 
even  though  large,  will  cause  irritation.  Removal  of  a  large  uterus 
without  tumor  involvement  in  order  to  relieve  vesical  symptoms  is 
seldom  advisable.  The  following  case  may  be  cited  as  an  illustra- 
tion of  a  possible  result  from  such  erroneous  interference: 

M.  G.,  female,  aged  thirty-two  years;  married  four  years,  one 
child,  aged  three  years.  Soon  after  the  birth  of  the  child  she  com- 
plained of  persistent  irritability  of  the  bladder  and  diurnal  fre- 
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quency,  which  increased  in  severity.  A  year  later,  after  a  pehnc 
examination  by  her  local  surgeon,  she  was  informed  that  the  uterus 
was  abnormally  large  and  situated  so  as  to  press  on  the  bladder  and 
cause  the  symptoms.  He  advised  hysterectomy,  which  was  done. 
Her  symptoms  persisting,  a  year  later  she  presented  herself  at  our 
clinic.  Cystoscopic  examination  and  urinalysis  revealed  tuber- 
culosis in  the  right  kidney,  with  a  moderate  degree  of  cystitis. 
After  the  removal  of  the  kidney,  the  patient's  vesical  symptoms 
rapidly  improved  and  a  year  later  were  reported  cured. 

2-  Mechanical  Interference, — Mechanical  obstruction  to  the 
urinary  flow  as  the  result  of  uterine  displacement  in  an  otherwise 
normal  uterus  is  not  common.  Large  tumors  of  the  uterus  and 
adnexa  are  only  occasionally  situated  so  as  to  cause  mechanical 
obstruction  to  the  urinary  drainage.  Cystocele,  even  though  ex- 
tensive, only  in  exceptional  instances  is  the  cause  of  actual  urinary 
retention.  Although  marked  uterine  prolapse  may  be  the  cause  of 
urinary  retention  more  frequently  than  any  other  pelvic  condition, 
it  occurs  in  but  a  small  proportion  of  the  cases. 

3.  Malignant  Involvement. — Involvement  of  the  bladder  by 
malignant  conditions  in  the  pelvic  organs  occurs  less  frequently 
than  one  might  expect.  The  number  of  cases  of  cancer  of  the 
uterus  with  actual  vesical  involvement  which  may  be  visible  on 
cystoscopic  examination  is  surprisingly  small.  Cancer  of  the  rec- 
tum involves  the  bladder  more  frequently  than  pelvic  cancer. 
With  a  history  of  irritability  of  the  bladder  associated  with  rectal 
cancer  a  cystoscopic  examination  is  always  indicated. 

4.  Inflammatory  Extension. — ^Vesical  symptoms  may  result 
when  the  bladder  becomes  involved  with  an  inflammatory  condi- 
tion in  the  female  pelvis.  Cystoscopic  examination  then  shows 
either  a  punctate  erosion  or  a  bullous  edema  in  that  portion  of  the 
vesical  mucosa  adjacent  to  the  inflammatory  process.  It  is  more 
apt  to  occur  with  acute  inflammatory  conditions  and  often  subsides 
with  the  disappearance  of  the  acute  symptoms.  Nevertheless, 
considering  the  wide-spread  existence  of  pelvic  inflammation,  the 
number  of  cases  in  which  the  bladder  is  actually  involved  must 
be  comparatively  small. 
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In  conclusion,  therefore,  I  would  urge  a  careful  consideration  of 
all  the  possible  causes  of  vesical  symptoms,  including  renal  infec- 
tions, ascending  infection,  local  infections,  ulceration,  and  neurosis, 
and  that  plastic  operations  on  the  pelvic  organs  be  resorted  to  in 
only  exceptional  instances. 
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Of  the  742  cases  of  lithiasis  of  renal  origin  operated  on  at  the 
Mayo  Clinic  up  to  June  1,  1915,  512  stones  were  removed  from  the 
kidney  and  230  were  found  lodged  in  some  portion  of  the  ureter. 
To  this  number  should  be  added  64  cases  in  which  a  stone  lodged  in 
the  luster  was  either  removed  at  the  time  of  the  cystoscopic  manip- 
ulation or  was  passed  immediately  after,  making  a  total  of  294 
cases  of  stone  in  the  ureter  for  consideration.  It  is  our  purpose  to 
review  a  few  of  the  various  clinical  data  involving  their  diagnosis. 

Localization  of  Pain. — Pain  as  a  result  of  stone  in  the  ureter 
occurs  from  two  conditions,  namely:  (1)  Because  of  intrarenal 
tension  as  a  result  of  urinary  obstruction,  and  (2)  because  of  local- 
ized infectious  changes. 

A  review  of  the  localization  of  pain  in  our  series  of  cases  is  of 
interest.  Pain  was  referred  largely  to  the  renal  area  in  197  (67  per 
cent.)  of  the  cases;  to  the  upper  abdominal  quadrant  in  45  (15  per 
cent.)  of  the  cases;  to  the  region  of  the  lower  ureter  in  28  (9  per 
cent.)  of  the  cases;  and  to  the  suprapubic  area  in  3  cases.  No 
definite  radiation  of  pain  was  reported  in  16  cases  and  no  pain 
whatever  in  5  cases.  It  is  obvious,  therefore,  that  either  an  explor- 
atory incision  over  the  renal  area  or  a  roentgenogram  of  the  renal 
area  alone  would  fail  to  disclose  the  actual  lesion.  It  is  probably 
true  that  renal  colic  as  a  result  of  lithiasis  is  caused  more  frequently 
by  stone  lodged  in  the  ureter  than  in  the  kidney.  In  a  large  num- 
ber of  cases  in  which  the  pain  was  referred  to  the  upper  abdominal 
quadrant  it  is  easy  to  see  how  confusion  with  lesions  in  the  upper 

*  Read  before  the  Section  on  Genito-urinary  Diseases  at  the  Sixty-sixth  Annual 
Session  of  the  American  Medical  Association,  San  Francisco,  June,  1915.  Reprinted 
from  Jour.  Amer.  Med.  Assoc.,  1915,  Ixv,  1234-1237. 
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abdomen  might  follow.  In  fact,  in  a  number  of  cases  the  radiation 
of  pain  was  so  typical  of  disease  in  the  gall-bladder,  that  in  the 
absence  of  urinary  findings  surgical  exploration  of  the  gall-bladder 
would  have  been  justifiable  without  a  preliminary  roentgeno- 
graphic  examination.  Of  particular  interest  is  the  localization  of 
the  pain  referred  to  the  area  of  the  lower  ureter.  It  is  probable 
that  this  group  of  cases  is  most  frequently  confused  with  appendi- 
citis, particularly  when  the  pain  is  on  the  right  side.  The  localiza- 
tion may  be  so  suggestive  of  appendicitis  that,  in  case  the  urinalysis 
was  negative,  an  exploration  of  the  appendix  might  be  justifiable 
without  preliminary  roentgenographic  examination.  The  localiza- 
tion of  pain  to  the  region  of  the  lower  abdominal  quadrant  occurs 
usually  as  a  result  of  ulcerative  changes  in  the  ureteral  wall  and 
subsequent  peri-ureteritis.  A  history,  therefore,  of  previous  colic 
referred  to  the  renal  area  with  subsequent  pain  localized  to  the 
lower  ureteral  quadrant  would  be  suggestive  of  an  impacted 
ureterals  tone  with  periureteritis.  This  would  be  particularly  true- 
if  the  pain,  previously  periodic,  became  continuous  over  a  period  of 
a  week  or  more.  It  should  be  noted  that  there  was  a  considerable 
number  of  patients  who  did  not  complain  of  definite  radiation  and 
a  few  who  did  not  have  attacks  of  severe  pain.  These  patients 
came  to  operation  either  because  of  a  consequent  renal  infection, 
urinary  symptoms,  or  indefinite  abdominal  symptoms.  It  is  un- 
doubtedly true  that  stone  in  the  ureter  may  exist  for  a  long  time, 
even  a  year  or  more,  without  being  the  cause  of  pain.  Mechanical 
irritation  caused  by  the  stone  itself  will  seldom  produce  pain. 
Occasionally,  however,  a  history  is  obtained  in  which  the  patient 
claims  to  have  been  able  to  feel  the  stone  in  its  passage  from  the 
kidney  to  the  bladder,  which  in  all  probability  is  the  result  of  a 
lesion  in  the  mucosa  subsequent  to  the  passage  of  the  stone.  Eight 
patients  gave  a  history  of  radiation  of  general  abdominal  pain, 
without  localization,  and  with  symptoms  of  vomiting  and  intestinal 
spasm  suggestive  of  intestinal  obstruction.  Of  this  number,  3  had 
previously  been  operated  on  elsewhere  for  intestinal  obstruction. 
This  peculiar  radiation  of  pain,  together  with  secondary  intestinal 
symptoms,  is  evidently  due  to  reflex  action  of  the  sympathetic 
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intestinal  nervous  system.  In  12  cases  the  degree  of  pain  was  sec- 
ondary in  importance  to  sypiptoms  of  gastric  disturbance.  The 
patients  complained  more  of  general  nausea,  epigastric  distress, 
and  indigestion  than  of  the  pain  referred  to  the  urinary  tract.  Such 
reflex  disturbances  are  in  keeping  with  the  secondary  symptoms 
observed  with  lesions  in  other  extragastric  conditions. 

Occurrence  of  Vesical  Irritability, — Vesical  irritability  was  re- 
ported in  218  patients  (74  per  cent.).  This  condition  occurs  so 
frequently  that  its  absence  is  of  distinct  value  in  differential  diag- 
nosis. Although  it  more  often  occurs  only  at  the  time  of  the  pain, 
it  may  continue  for  a  day  or  two  following.  Occasionally  it  may  be 
persistent  over  longer  periods  and  may  be  the  predominant  symp- 
tom. This  is  particularly  true  when  the  stone  is  lodged  in  the 
vesical  portion  of  the  ureter.  When  the  stone  bulges  into  the 
meatus  it  may  in  fact  be  considered  a  vesical  stone  so  far  as  its 
effect  on  the  bladder  is  concerned. 

The  Value  of  Urinalysis, — ^The  practical  value  of  the  presence 
of  a  few  red  blood-cells  or  pus-cells  in  the  urine  in  the  diagnosis  of 
ureteral  stone  has  been  exaggerated.  Similar  microscopic  elements 
are  found  so  frequently  in  the  urinary  sediment  with  slight  lesions 
in  the  lower  urinary  tract  that  its  diagnostic  value  is  greatly  les- 
sened. The  presence  of  a  few  red  blood-cells  or  pus-cells  in  the 
urine,  however,  necessitates  a  careful  roentgenographic  examina- 
tion of  the  urinary  tract  even  though  the  subjective  symptoms  are 
of  negative  value.  On  the  other  hand,  the  absence  of  pus  or  red 
blood-cells  would  not  exclude  the  possibility  of  stone  in  the  ureter. 
Whereas  catheterization  of  the  ureter  may  localize  the  origin  of  the 
pus-cells,  because  of  the  possibility  of  traumatic  hemorrhage  it  is 
of  no  value  in  localizing  a  few  red  blood-cells.  Neither  pus  nor  red 
blood-cells  were  found  in  35  (12  per  cent.)  of  the  cases.  An  occa- 
sional red  blood-cell  only  was  found  in  26  (9  per  cent.)  of  the  cases. 
An  occasional  pus-cell  only  was  found  in  7  cases.  Both  red  blood- 
cells  and  pus-cells  to  a  varying  degree  were  present  in  the  remaining 
cases. 

Gross  hematuria  was  reported  in  41  (14  per  cent.)  cases  of  stone 
in  the  ureter,  while  with  renal  stone  it  was  found  in  56  per  cent,  of  a 
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series  of  cases  of  renal  lithiasis  previously  reported.^  It  should, 
therefore,  be  regarded  as  a  symptom  of  less  importance  with  ure- 
teral stone  than  with  renal  stone.  Persistent  bleeding  with  stone 
in  the  ureter  occurred  in  7  cases  and  was  the  result  of  ulceration  in 
the  ureteral  wall.  In  one  case  the  stone  had  caused  necrosis  of 
adjacent  blood-vessels  with  considerable  resultant  hemorrhage- 
Palpation  of  the  Stone. — ^Stone  in  the  ureter  is  rarely  palpable 
through  the  abdominal  wall.  We  have  observed  one  case,  how- 
ever, in  which  the  stone  could  be  rolled  under  the  hand  on  deep 
pressure  in  the  inguinal  area.  The  stone  on  removal  was  four 
inches  long  and  one  inch  in  diameter.  Our  attention  has  recently 
been  called  to  the  value  of  palpation  through  the  vagina  or  rectum 
in  the  case  of  stones  lodged  in  the  lower  end  of  the  ureter.  Israel* 
claimed  that  he  was  able  to  feel  the  stone  per  vaginam  and  rectum 
in  39  per  cent,  of  his  cases.  In  the  last  80  cases  of  stone  in  the 
lower  ureter  in  which  a  special  effort  was  made  to  feel  the  stone 
through  the  vagina  or  rectum  it  was  definitely  palpated  in  only  9 
cases.  Of  these  80  cases,  48  occurred  in  the  male  and  in  only  3  cases 
could  the  stone  be  definitely  felt  through  the  rectum.  This  leads 
us  to  conclude  that  rectal  palpation  is  only  exceptionally  of  definite 
value  in  localizing  stone.  The  various  conditions  simulating  stone 
which  may  cause  localized  nodular  change  in  the  prostate,  seminal 
vesicles,  and  ducts  lessen  the  value  of  rectal  palpation.  In  the  32 
female  patients  the  stone  could  be  felt  per  vaginam  in  7  (22  per 
cent.)  cases.  In  a  few  other  cases  an  area  of  thickening  could  be 
felt  in  the  vault  of  the  vagina,  but  was  not  definite  enough  to  be  of 
practical  value.  In  order  to  be  definitely  felt  per  vaginam  the 
stone  should  be  at  least  a  centimeter  in  diameter  and  should  be 
situated  within  or  immediately  adjacent  to  the  wall  of  the  bladder. 
Unless  so  situated,  stones  of  even  several  centimeters  in  diameter 
will  not  permit  of  palpation.  It  should  be  remembered  that  nodu- 
lar changes  in  the  lower  ureter  as  the  result  of  tuberculosis  may 
occasionally  simulate  a  stone.  The  fact  that  localized  inflamma- 
tory areas  of  thickening  may  occur  in  the  vaginal  mucosa  may  also 
confuse  the  findings. 
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Treaiment — ^In  the  consideration  of  ureteral  stone  its  renal 
origin  should  be  borne  in  mind.  In  41  patients  a  definite  history 
was  ascertained  of  one  or  more  stones  having  been  passed  previous 
to  the  examination,  and  in  21  varying  amounts  of  sand  or  fine 
gravel  had  been  passed.  Some  of  these  gave  a  history  of  colic  at 
inter\'^als  during  a  period  of  more  than  a  year  before  passing  their 
stone.  The  majority,  however,  passed  the  stone  with  the  first 
attack  of  pain  or  with  the  second  or  third  attack.  In  all  prob- 
ability the  majority  of  stones  in  the  ureter  pass  spontaneously,  and 
for  this  reason  surgical  interference  is  seldom  indicated  with  the 
first  attack  of  pain.  While  no  rule  can  be  adopted,  it  would  be 
rational,  in  the  majority  of  cases,  to  wait  at  least  two  or  three 
months  until  nature  has  made  several  attempts  to  dislodge  the 
stone.  On  the  other  hand,  repeated  violent  colic,  the  danger  of 
renal  destruction,  and  other  complications  as  the  result  of  an  ob- 
structing stone  may  necessitate  its  removal  before  this  period  has 
elapsed.  Before  an  abdominal  operation  is  attempted,  the  passage 
of  the  stone  may  be  aided  by  the  various  methods  offered  by  endo- 
scopic technic,  namely:  (1)  Catheter  manipulation;  (2)  injection 
of  sterile  glycerin  or  oil;  (3)  fulguration;  (4)  ureteral  dilatation; 
(5)  cutting  of  the  meatus,  and  (6)  ureteral  forceps.  By  means  of 
these  various  methods  we  have  been  able  to  remove  stone  lodged  in 
the  ureter  in  64  cases. 

It  has  been  clained  that  the  injection  of  oil  and  glycerin  into  the 
ureter  would  both  increase  the  peristalsis  and  lubricate  the  walls  of 
the  ureter  so  that  the  stone  would  slide  out.  This  theory,  however, 
is  not  borne  out  by  extensive  observation.  It  is  difficult  to  con- 
ceive how  the  natural  efforts  of  peristalsis  or  how  the  natural  lubri- 
cation in  the  ureteral  mucosa  could  be  improved  on. 

Forcible  dilatation  of  the  ureter  below  the  stone  by  means  of 
ureteral  dilators  may  be  of  value,  particularly  if  the  position  of  the 
stone  is  altered  in  so  doing.  Not  infrequently  it  is  possible  to  grasp 
a  small  stone  situated  in  the  wall  of  the  bladder  by  means  of  the 
ureteral  forceps.  Those  well  above  the  wall  of  the  bladder,  how- 
ever, can  be  removed  in  this  manner  in  exceptional  cases  only. 
SUtting  the  meatus  and  adjacent  ureter  may  occasionally  be  indi- 
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cated  with  intramural  stone.  That  no  harm  should  follow  the 
destruction  of  the  ureterovesical  valve  has  been  demonstrated 
experimentally.' 

It  is  our  impression,  however,  that  many  of  the  stones  lodged  in 
the  ureter  which  can  be  removed  by  means  of  these  various  methods 
will  be  passed  spontaneously  after  dislodgement  by  means  of  the 
ureteral  catheter.  The  stone  becomes  lodged  in  the  ureter  and 
subsequent  colics  may  make  its  anchorage  in  the  mucosa  firmer. 
The  passage  of  the  ureteral  catheter  dislodges  the  stone,  changes 
its  axis,  and  the  next  colic  forces  it  out.  If  this  method  should  fail, 
an  attempt  should  be  made  thoroughly  to  dilate  the  ureter  below 
and,  if  possible,  to  grasp  the  stone  with  ureteral  forceps.  The  use 
of  the  high-frequency  current  may  occasionally  be  of  value  in  dis- 
integrating a  small,  fragile  stone.  It  should  not  be  forgotten, 
however,  that  change  in  the  position  of  the  stone  as  the  result  of 
such  manipulation  is  fully  as  effective  as  that  caused  by  ureteral 
catheterization. 

Sources  of  Error  in  Diagnosis, — ^A  greater  percentage  of  error  in 
the  roentgenographic  diagnosis  of  stone  in  the  ureter  will  result 
from  incorrect  interpretation  of  a  shadow  than  from  failure  to 
show  it.  Although  there  are  a  number  of  generally  recognized 
data  in  regard  to  form,  size,  and  density  of  the  shadow  which  are 
regarded  as  characteristic  of  stone  and  of  extra-ureteral  bodies, 
respectively,  such  data  cannot  always  be  relied  on.  In  fact,  it  is 
doubtful  if  an  accurate  diagnosis  of  stone  in  the  ureter  can  be  made 
from  roentgenographic  data  alone  in  more  than  60  per  cent,  of 
cases.  The  greatest  percentage  of  error  will  probably  occur  in 
regarding  extra-ureteral  shadows,  such  as  phleboliths,  glands,  etc., 
as  explanatory  of  abdominal  pain  with  subsequent  negative  explo- 
ration. Next  in  frequency  will  be  the  interpretation  of  stone 
shadows  as  caused  by  extra-ureteral  conditions,  and  last  in  the  list 
of  diagnostic  errors  charged  to  roentgenography  will  be  the  stones 
that  fail  to  cause  a  shadow  in  the  roentgenogram.  In  our  series  the 
roentgenographic  report  was  negative  in  32  (11  per  cent.)  of  the 
cases.  The  various  causes  to  which  the  failure  was  ascribed  are,  in 
the  order  of  frequency,,  as  follows:  (1)  Error  in  roentgenographic 
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technic;  (2)  position  of  the  stone;  (3)  size  of  the  stone,  and  (4) 
the  character  of  the  stone. 

1.  Many  various  possible  sources  of  error  in  roentgenographic 
technic  make  it  practically  impossible  to  make  an  ideal  roentgeno- 
gram in  every  case  in  the  course  of  routine  roentgenography. 
There  will  always  remain  a  few  cases  in  which,  if  the  preparation  of 
the  patient,  the  condition  of  the  tube,  and  the  condition  and  devel- 
opment of  the  plate  had  all  been  better,  the  stone-shadow,  which 
was  otherwise  missed,  might  have  shown. 

2.  It  occasionally  happens  that  the  shadow  of  the  pelvic  bones 
obscures  that  of  an  overlying  stone.  Such  error  may  be  obviated 
by  adjusting  the  angle  of  the  ray  so  as  to  exclude  the  shadow  of  the 
pelvic  bones.  It  is  not  always  possible  to  do  so,  however,  and  in 
the  course  of  routine  roentgenography  there  will  always  remain  an 
occasional  stone  which  is  overlooked  because  of  the  pelvic  Iwne 
shadow. 

3.  The  degree  of  obstruction  is  not  dependent  on  the  size  of  the 
stone.  Not  infrequently  a  very  small  stone,  even  as  small  as  a  pin, 
head,  lodges  in  the  ureter  and  causes  inflammatory  reaction  in  the 
adjacent  ureteral  mucosa,  with  stricture  so  as  to  cause  marked 
periodic  urinary  obstruction.  Such  a  stone  shadow  will  frequently 
be  either  misinterpreted  or  entirely  overlooked  in  the  roentgeno- 
gram. 

4.  Least  in  frequency  among  the  causes  of  roentgenographic 
failure  should  be  considered  the  character  of  the  stone.  Whether 
or  not  a  stone  is  demonstrated  dei)ends  largely  on  the  calcium  con- 
tent. Although  a  stone  composed  of  uric  acid  or  phosphatic 
elements  may  not  cast  a  distinct  shadow,  nevertheless  the  great 
majority  of  stones  are  composed  of  a  mixture  of  calcium  with  the 
various  other  salts  and  the  absence  of  a  shadow  is  usually  to  lie 
explained  by  the  previously  mentioned  reasons. 

Localization  of  Stones. — A  review  of  the  230  cases  with  ojjera- 
tion  for  stone  in  the  ureter  demonstrates  the  occurrence  and  jiosi- 
tion  of  the  stone  as  follows: 

l"peteropel\Tc  juncture £6  nut*n 

rpper  Uiird 4H  ruMfn 

Middle  third 1  i-Atu' 

Lower  third 159  cauieii 
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The  last  group  was  subdivided  as  follows: 

Iliac  crossing 4  cases 

Pelvic  portion 90  cases 

Ureterovesical  juncture ' 41  cases 

Intramiunl 24  cases 

Meatus 2  cases 

Not  definitely  located 3  < 


It  will  be  seen  that  159  (74  per  cent.)  of  the  214  cases  localized 
were  found  in  the  lower  third  of  the  ureter  and  that  the  greatest 
number  were  found  in  the  so-called  pelvic  portion  of  the  ureter, 
which  term  includes  that  portion  of  the  ureter  extending  from  the 
point  of  narrowing  at  the  iliac  crossing  to  the  ureterovesical  junc- 
ture. The  majority  of  the  stones  in  the  pelvic  portion  were  not 
lodged  exactly  at  the  point  of  narrowing  at  the  ureterovesical 
juncture,  but  a  short  distance  above  it.  The  same  is  true  of  the 
stones  described  at  the  ureteropelvic  juncture,  the  majority  of 
which  were  foimd  a  short  distance  above  the  point  of  narrowing. 
The  stone  was  impacted  within  the  wall  of  the  bladder  itself  in 
20  cases,  a  proportion  of  operative  cases  which  will  no  doubt  be 
reduced  in  the  future  as  the  result  of  the  recent  improvement  in 
operative  cystoscopy.  The  small  number  noted  which  were  lodged 
at  the  meatus  was  due  to  the  fact  that  although  a  number  of  others 
were  so  situated,  they  were  all  removed  by  means  of  endoscopic 
technic.  The  small  number  found  at  the  point  of  iliac  crossing  and 
in  the  middle  third  is  surprising.  It  is  difficult  to  explain  the  large 
number  of  stones  found  in  the  upper  third  of  the  ureter.  They 
were  found  well  below  the  point  of  narrowing  and  at  the  uretero- 
pelvic juncture,  and  their  presence  on  exploration  offered  no  ex- 
planation for  this  unusual  condition.  The  majority  of  such 
stones,  however,  were  of  considerable  size.  The  average  size 
found  in  the  lower  third  of  the  ureter  was  much  smaller  than  those 
found  in  the  upper  ureter.  As  a  general  rule,  stones  situated  in  the 
ureter  at  points  other  than  those  of  natural  narrowing  were  larger 
and  caused  more  renal  destruction  than  the  others.  This  series 
does  not  include  a  number  of  stones  which  were  demonstrated  at 
the  preliminary  roentgenographic  examination  to  be  situated  in 
the  ureter,  but  which  at  operation  or  subsequent  to  ureteral 
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catheterization  were  displaced  into  the  pelvis  of  the  kidney  when 
they  were  removed. 

Occurrence  of  Stone, — In  regard  to  the  occurrence  of  stone :  in 
134  cases  it  was  found  in  the  left  ureter  and  in  144  cases  in  the 
right — practically  no  difference  as  to  the  side.  Single  stones  were 
found  in  261  and  multiple  stones  in  17  cases  (93  per  cent.).  Stone 
occurred  in  both  ureters  in  6  cases;  in  the  kidney  on  one  side  and 
in  the  ureter  on  the  other  in  11  cases;  or  a  total  bilateral  occur- 
rence of  17  (6  per  cent.).  It  is  evident  that  bilateral  occurrence  of 
stone  in  the  ureter  which  comes  to  operation  is  much  less  than  that 
in  the  kidney.  This  discrepancy  may  be  at  least  partially  explained 
by  the  frequent  spontaneous  passage  of  ureteral  stones.  Stone 
occurred  in  the  kidney  as  well  as  the  ureter  on  the  same  side  in  12 
cases  (4  per  cent.). 

It  will  be  noted  that  the  stone  in  the  ureter  was  not  found  on 
exploration  in  13  cases.  In  3  of  these  cases  the  stone  was  pushed 
into  the  bladder  during  operation  and  passed  afterward.  In  3 
other  cases  the  stone  was  found  to  have  been  passed  during  the 
few  days  intervening  between  the  clinical  examination  and  the 
time  of  operation.  In  4  cases  the  stone  was  passed  after  the  oper- 
ation. In  3  cases  no  stone  was  found  at  operation  and  there  was 
no  subsequent  history  of  a  stone  having  been  passed,  which  can 
be  explained  only  by  error  in  the  diagnosis.  It  is  obvious,  there- 
fore, that  should  there  be  an  interval  between  the  last  clinical  ex- 
amination and  the  operation,  another  secondary  roentgenoscopy 
should  be  made  just  prior  to  the  operation,  since  the  stone  may 
either  have  passed  during  this  interval  or  it  may  have  greatly 
changed  its  position.  Particularly  is  this  true  if  a  cystoscopic 
examination  with  ureteral  catheterization  has  been  made.  The 
patient  should  be  questioned  whether  or  not  severe  pain  has  been 
experienced  following  examination.  It  should  also  be  remem- 
bered that  in  spite  of  the  absence  of  colic,  the  position  of  the  stone 

may  have  greatly  altered. 
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CLINICAL  REVIEW  OF  240  CASES  OF  NON- 
SURGICAL INFECTION  OF  THE  KIDNEYS 
AND  URETERS  * 

GILBERT   J.    THOMAS 


In  an  attempt  to  discover  the  predisposing  factors,  if  any,  in 
non-surgical  infection  of  the  kidneys  and  ureters,  and  to  determine 
the  relative  value  of  the  present  modes  of  treatment,  antecedent 
infections,  previous  operations,  etc.,  have  been  considered  in  this 
study.  The  symptoms  of  onset  and  those  of  most  common  oc- 
currence during  the  progress  of  the  disease  have  been  analyzed 
together  with  cystoscopic  and  bacteriologic  findings.  Stones  in 
the  bladder,  kidney,  or  ureter  and  obstruction  in  the  lower  urinary 
tract  have  been  excluded. 

Such  infections,  except  those  due  to  obstruction  in  the  lower 
urinary  tract,  are  hematogenous  in  origin.  In  the  infections 
due  to  obstruction  the  lymphatics  probably  play  a  part  in  carrying 
the  infection  to  the  kidney.  It  is  possible  that  they,  also,  are  of 
hematogenous  origin,  and  that  obstruction  lessens  resistance  by 
mechanical  means  and  is  the  predisposing  factor,  not  the  cause,  of 
the  infection. 

Brewer^  states  that  all  renal  infections  are  hematogenous,  in- 
cluding those  that  come  from  an  infection  primary  to  the  bladder. 
Sweet  and  Stewart,^  after  careful  anatomic  and  experimental 
study,  have  concluded  that  the  lymphatics  of  the  bladder,  ureter, 
and  kidneys  anastomose  rather  freely,  and  that  they  can  carrj^  in- 
fection from  the  bladder  to  the  kidney.  They  believe  this  route  of 
infection  is  frequently  the  one  by  which  the  pelvis  and  parenchyma 

*  Read  before  the  Chi^go  Urologic  Society.  November,  1915.  Reprinted  from 
the  Transactions  of  Chicago  Urologic  Society,  1915. 
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of  the  kidney  become  infected  from  the  infection  in  the  bladder. 
Cabot'  and  others  beHeve  that  cases  in  which  there  are  a  great 
many  elements  in  the  urine  and  few  symptoms  are  lymphatic  in 
origin,  while  those  showing  few  such  elements  and  marked  general 
symptoms  are  hematogenous  in  origin. 

The  present  study  comprises  a  review  of  240  patients  who  re- 
ceived urologic  treatment  in  the  Mayo  Clinic  from  January  19, 
1910,  to  January  19,  1915;  32.8  per  cent,  were  women  and  67.2 
per  cent.  men.  The  average  age  of  onset  was  30.3  years.  The 
duration  of  symptoms  ranged  from  two  weeks  to  twenty  years. 
Twenty-six  per  cent,  of  the  patients  did  not  give  a  history  of 
previous  diseases;  18  per  cent,  had  infections  of  the  genital  tract, 
giving  a  history  of  gonorrhea  or  pelvic  infection;  12  per  cent,  had 
had  a  previous  attack  of  typhoid  fever;  9  per  cent,  gave  a  history 
of  childhood  infections;  6  per  cent,  of  pneumonia;  3  per  cent,  of 
tonsillar  infection;  4  per  cent,  of  arthritis  and  rheumatism;  4 
per  cent,  of  scarlet  fever;  2  per  cent,  of  empyema  of  the  antrum 
and  chronic  abscesses;  2  +  per  cent,  of  syphilis,  and  5  gave  a  his- 
tory of  severe  abdominal  injury.  The  remaining  patients  gave 
histories  of  infections  as  follows:  Lung,  1;  ruptured  urethra,  1; 
phimosis,  1;  dysentery,  1;  malaria,  4;  pregnancy,  2,  etc. 

Of  the  240  cases,  the  first  symptom  complained  of  was  fre- 
quency of  urination;  it  was  also  the  most  common  symptom, 
being  present  in  76  per  cent,  of  cases,  and  varied  in  intensity  from 
voiding  every  ten  minutes  to  one  or  two  times  per  night.  In  37 
per  cent,  pain  was  the  primary  symptom.  In  the  analysis  of  pain 
as  a  symptom  it  was  found  that  severe  lumbar  attacks  were  com- 
plained of  in  about  20  per  cent,  of  all  the  cases;  a  dull  ache  across 
the  lumbar  area  and  sacrum  was  frequently  described.  Epigas- 
tric, lower  abdominal,  and  vesical  pain  was  frequent.  Painful 
and  burning  urination  occurred  at  some  time  during  the  history  in 
60  per  cent.   . 

Hematuria  was  the  first  symptom  in  7  per  cent.,  and  it  was 
noted  at  some  period  of  the  history  in  41  per  cent,  of  the  cases. 
In  2  per  cent,  temperature  and  chills  were  the  first  symp- 
toms, these  symptoms  being  present  in  25  per  cent,  of  cases. 

'15—22 
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Pyuria  was  a  primary  symptom  in  2  per  cent.  An  appreciable  loss 
of  weight  was  noted  in  41  per  cent.  Gastric  and  duodenal  lesions 
were  suspected  in  a  number  of  cases  because  of  reflex  pain,  which 
was  probably  of  renal  and  ureteral  origin.  In  a  small  percentage 
these  attacks  were  p)ersistent,  unrelieved  by  urologic  treatment, 
and  required  surgical  measures. 

Cystoscopic  Diagnosis, — Cystoscopic  examination  demonstrated 
the  existence  of  bilateral  infection  in  174  (73  per  cent.)  patients. 
The  infection  was  confined  to  the  right  side  in  6  per  cent. ;  in  18 
(7  per  cent.)  the  infection  was  on  the  left  side  only.  Fifty-one 
cases  were  diagnosed  as  pyelitis,  5  of  which  were  of  a  chronic,  bleed- 
ing type.  In  our  experience  the  differential  diagnosis  between 
pyelitis  and  pyelonephritis  has  been  rather  difficult.  Acute  re- 
peated attacks,  with  microscopic  findings  in  the  urine,  that  quickly 
subside  with  or  without  treatment,  may  be  regarded  as  infections 
of  the  pelvis  alone.  The  chronic  refractive  type,  which  shows  few 
elements  in  the  urine,  may  be  considered  as  pyelonephritis.  The 
infection  found  in  pregnant  women  is  usually  a  pyelitis;  it  is  to 
be  noted  that  these  patients  are  relieved  as  soon  as  the  uterus  is 
emptied  and  good  drainage  restored.  In  only  a  few  of  these  cases 
does  the  parenchyma  become  involved.  An  illustration  of  the 
somewhat  acute  temporary  infection  of  the  pelvis,  or  pyelitis,  is 
shown  in  the  many  instances  of  post-nuptial  infection.  These 
cases  quickly  clear  up  by  means  of  urotropin  and  other  simple 
methods  because  the  parenchyma  is  probably  not  involved.  We 
have  observed  two  very  interesting  cases  of  post-operative  infec- 
tion of  hematogenous  origin  in  which  the  Bacillus  tuberculosis 
was  found  to  be  the  causative  organism.  Both  patients  developed 
acute  cystitis  and  showed  bacilli  in  specimens  of  urine  from  the 
bladder.  In  one  there  were  tubercle  bacilli  in  both  ureteral  speci- 
mens. These  patients  were  relieved  by  urinary  antiseptics  and 
hygienic  treatment.  Rep)eated  examinations  after  the  acute  symp- 
toms had  subsided  failed  to  demonstrate  the  organisms.  One 
patient  has  remained  well  for  one  year  and  no  focus  of  infection 
can  be  found.  There  had  been  a  tonsillectomy  a  short  time  pre- 
ceding the  onset  of  cystitis.     One  patient  was  well  one  month 
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after  the  acute  onset.  Guinea-pig  inoculation  was  negative  in 
one  after  three  months. 

In  our  hands  renal  functional  tests  have  not  always  proved  sat- 
isfactory in  the  differentiation  between  pyelitis  and  pyelonephritis. 
Equal  function  in  the  two  kidneys  has  frequently  been  observed 
in  cases  in  which  the  pyelograms  demonstrated  one  kidney  badly 
damaged.  In  those  showing  infection  active  on  one  side  and 
inactive  on  the  other,  the  difference  in  function  may  not  be  great 
enough  to  be  of  value*  In  some  cases  one  kidney  with  a  quantity 
of  pus  would  show  as  large  an  output  of  the  drug  as  the  kidney 
wdth  no  bacteriologic  or  chemical  findings.  However,  when  one 
kidney  is  largely  destroyed,  the  difference  in  function  when  using 
the  dyes  has  been  great  enough  to  direct  suspicion  to  the  destroyed 
kidney. 

Pyelogram. — ^The  pyelogram  will  differentiate  a  marked  infec- 
tion of  the  parenchyma  from  one  in  the  pelvis.  Infection  in  the 
parenchyma  shows  but  slight  inflammatory  changes  in  the  p)elvic 
outline,  while  a  pelvic  infection  usually  shows  marked  inflammatory 
changes.  This  means  of  differentiation  has  also  been  of  consider- 
able aid  in  separating  the  cases  of  actual  pyonephrosis  from  the 
milder  grades  of  infection,  7  cases  having  been  found  in  which  one 
kidney  was  largely  destroyed.  It  may  also  be  of  value  in  deter- 
mining the  etiologic  factor.  Congenital  anomaly  in  the  urinary 
tract,  which  may  have  been  an  etiologic  factor,  was  found  in  four 
cases.  Obstruction  in  the  lower  ureter  was  demonstrated  by  means 
of  the  pyelogram  in  several  cases  as  the  probable  cause  of  renal 
infection. 

Cystitis, — ^A  marked  degree  of  cystitis  was  noted  in  16  per  cent, 
of  the  cases,  while,  as  mentioned  above,  the  most  common  symp- 
tom (frequency  of  urination)  was  noted  in  76  per  cent,  of  cases. 
The  bladder  does  not  always  show  marked  signs  of  infection,  as 
is  shown  by  this  series,  wherein  25  per  cent,  had  no  cystoscopic  evi- 
dence of  cystitis.  All  of  these  patients,  however,  had  varying 
amounts  of  pus  in  the  urine,  yet  34  per  cent,  had  no  symptoms  re- 
ferable to  the  bladder.  A  considerable  number  of  cases  of  renal 
infection  have  been  diagnosed  only  after  careful  and   repeated 
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cystoscopic  examinations.  Many  showing  only  a  few  pus-cells 
at  the  time  of  the  first  examination,  on  reexamination  showed 
larger  amounts  of  pus  from  one  or  both  kidneys  and  vice  versa. 
A  number  of  patients  with  irritability  of  the  bladder  and  no  micro- 
scopic findings  in  the  urine  have  shown  bacterial  gro\ii:h  from 
catheterized  urine  from  both  kidneys.  In  our  experience  cystitis 
is  not  a  necessary  finding  in  renal  infection.  Vesical  irritability 
is  a  more  constant  sign  than  cystoscopic  evidence  of  cystitis,  but 
both  these  findings  may  be  absent  in  the  presence  of  a  renal  infec- 
tion. 

Bacteriologic  Examination, — Records  of  complete  bacteriologic 
examinations  were  available  in  95  cases;  63  per  cent,  were  of 
the  colon  group.  The  other  organisms  were  pyocyaneus.  Micro- 
coccus urea,  pneumococcus,  streptococcus,  and  the  staphylococcus 
group.  It  is  probable  that  the  Bacillus  coli  is  a  secondary  invader 
in  a  large  percentage  of  these  infections.  The  offending  organism 
and  its  toxins  probably  lessen  the  resistance  of  the  kidney  so  that 
the  colon  bacillus,  which  is  constantly  passing  through  the  kidney, 
becomes  pathogenic.  Many  writers  are  of  the  opinion,  however, 
that  the  pyeUtis  of  pregnancy  and  the  infections  which  accompany 
constipation  are  primarily  of  colonic  origin.  The  stagnation  due 
to  pressure  from  the  uterus  on  the  intestine  and  resulting  constipa- 
tion are  factors  which  probably  predispose  the  kidney  and  ureter 
to  colon  infection.  The  pressure  of  the  uterus  on  the  ureters 
interferes  with  their  function,  and  this  lessens  their  resistance  to 
infection. 

When  symptoms  are  suggestive  of  tuberculosis,  guinea-pig 
inoculation  is  desirable.  This  was  found  necessary  to  complete 
the  diagnosis  in  48  cases.  In  our  experience  absence  of  pus  or  no 
growth  on  culture  does  not  necessarily  mean  a  single  infection. 
Inactive  infection  has  frequently  been  found  on  one  side  by  micro- 
scopic and  bacteriologic  examinations,  which  could  be  demon- 
strated at  other  times  as  being  active.  It  would  be  well  to  con- 
sider a  non-tuberculous,  non-calculous,  unilateral  infection  as 
part  of  a  bilateral  condition  until,  by  pyelographic  and  cultural 
examinations,  one  kidney  has  been  proved  to  be  sound. 
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In  making  cultures  of  urinary  infections  contamination  of  the 
specimen  obtained  would  frequently  negate  the  value  of  the  bac- 
teriologic  examination.  Such  contamination,  in  our  experience, 
has  been  due  to  faulty  technic  in  that  all  instruments  used  were  not 
completely  sterilized.  Ureteral  catheters  are  not  easily  sterilized, 
as  may  be  proved  by  cultures  made  from  bits  of  catheters 
which  are  in  daily  use  and  which  are  thought  to  be  sterile. 
The  ureteral  catheter  should  be  boiled  or  should  be  made  sterile 
in  some  manner,  so  that  when  sections  are  introduced  into 
several  culture-media  no  growth  can  be  obtained.  The  use  of 
unsterile  lubricants  is  also  a  frequent  source  of  contamination. 
Catheters  or  containers  which  have  just  been  removed  from  an 
antiseptic  solution  have  been  the  frequent  cause  of  a  report  of  no 
growth  when  later  examinations  demonstrated  organisms  present. 
A  small  amount  of  such  solutions  in  culture-media  will  prevent 
growth.  Cultures  should  be  grown  both  a^robically  and  anaerob- 
ically. 

Treatment. — ^A  careful  search  for  foci  of  infection,  such  as  tonsils, 
teeth,  abscesses,  furunculoses,  bone  infections,  etc.,  should  be  made 
before  any  local  or  urologic  treatment  is  instituted.  Chronic 
abdominal  complaints  and  any  pathologic  condition  which  might 
harbor  infection  should  be  searched  out  and  completely  eradicated. 
As  mentioned  above,  26  per  cent,  of  patients  gave  a  history  of 
having  had  no  serious  illness  or  infection  which  might  pave  the 
way  for  chronic  renal  disease.  It  is  safe  to  assume  that  many  of 
these  patients  had  forgotten  the  f urunculosis,  the  severe  attack  of 
tonsillitis,  the  chronic  suppurative  ear,  the  chronic  infectious  dis- 
eases of  childhood  which  at  the  time  seemed  trivial.  It  is  also 
probable  that  organisms  frequenting  tonsils,  carious  teeth,  appen- 
dix, or  gall-bladder  may  be  so  changed  in  character,  as  Rosenow^ 
has  demonstrated,  as  to  have  a  special  aflSnity  for  the  urinary 
organs  at  certain  times.  The  ever-present  colon  bacillus  quickly 
outgrows  the  organism  of  primary  infection,  so  that  in  most  chronic 
cases  the  true  offending  bacteria  are  not  always  found.  Auto- 
genous vaccines  were  given  when  obtained  in  pure  culture,  and 
when  the  tolerance  of  the  patient  would  permit. 
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Local  treatment  consists  of  regular  lavage,  at  four-  or  five-day 
intervals,  of  the  kidney  pelvis,  ureter,  and  bladder.  For  this 
purpose  silver  nitrate,  argyrol,  colloidal  silver,  protargol,  and  silver 
iodid  have  been  used.  Many  of  the  patients  were  given  urinarj' 
antiseptics  by  mouth.  Silver  nitrate,  beginning  with  0.5  to  1  per 
cent,  in  strength  and  increasing  to  2  or  3  per  cent., has  proved  the 
best  solution  for  lavage  of  the  pelvis.  Aluminum  acetate,  in  our 
hands,  did  not  prove  efficacious,  and  was  unsatisfactory  because  of 
the  reaction  it  frequently  occasioned  even  when  freshly  made  and 
diluted.  Weak  solutions  of  argyrol  and  the  other  colloidal  silver 
solutions  were  used  in  the  severe  acute  infections  where  reaction 
was  feared. 

Surgery  becomes  the  logical  treatment  when  a  single  infection 
is  persistent  with  marked  constitutional  symptoms,  even  in  the 
presence  of  mild  infection  on  the  other  side.  Inflammatory  obstruc- 
tion of  the  ureter,  pyelitis  granulosa  with  persistent  bleeding, 
and  extensive  distention  from  infection,  with  destruction  of  renal 
tissue,  are  also  indications  for  surgical  interference. 

To  ascertain  the  effect  and  permanency  of  the  different  methods 
of  treatment  a  circular  letter  was  sent  to  each  of  our  patients  and 
150  definite  answers  were  received.  A  tabulation  of  these  answers 
shows  that  the  condition  was  stationary  in  44  (29  per  cent.)  of  the 
patients;  improved  in  70  (46  per  cent.);  and  that  recovery  was 
complete  in  28  (18  per  cent.).  Eight  of  these  patients  have  since 
died,  and  the  reports  show  that  in  over  50  per  cent,  the  fatal  out- 
come was  probably  due  to  severe  renal  lesions. 

A  more  minute  analysis  of  these  answers  relative  to  the  com- 
binations of  treatment  employed  showed  some  interesting  facts. 
Of  the  26  patients  in  whom  vaccines  alone  were  used,  6  have  ap- 
parently recovered,  11  have  improved,  and  5  showed  no  improve- 
ment. In  8  patients  in  whom  lavage  of  the  pelvis  alone  was  used 
by  any  of  the  above-mentioned  solutions  2  recovered,  2  improved, 
and  4  remained  stationary.*  Urinary  antiseptics  used  alone  in  31 
cases  caused  4  apparent  recoveries,  13  improvements,  and  19  cases 

*  Silver  nitrate  was  used  in  over  90  per  cent,  of  cases  where  lavage  was  prao 
tised. 
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unimproved.  With  the  combination  of  vaccine  and  pelvic  lavage, 
only  2  patients  recovered,  20  improved,  and  9  did  not  improve. 
Thirty-one  patients  in  all  were  so  treated.  Vaccines  and  urinary 
antiseptics  in  19  patients  showed  6  recoveries,  8  improvements, 
and  5  unimproved.  Eight  patients  in  whom  vaccine,  lavage,  and 
urinary  antiseptics  all  were  used  showed  2  recoveries,  4  improve- 
ments, and  2  non-improved.  Eight  patients  received  no  treat- 
ment, three  of  whom  apparently  recovered,  two  improved  and 
three  remained  stationary.  Seven  patients  were  operated  on,  four 
showed  surgical  lesions  in  the  urinary  tract;  two  recovered  com- 
pletely, and  five  improved.  The  tabulated  results  of  treatment  are 
as  follows: 


Re-        - 
Method  or  Treatment  cover-       **■"         *'''**  Died 


ED 


proved  tiunart 


Autogenous  vaccine  only 6  11  5 

Peh-ic  lavage  only «  2  4 

Urinary  antiseptics  only 4  13  19 

Vaccines  and  lavage 2  20  9 

Vaccine  and  urinary  antiseptics 6  8  5 

Lavage  and  urinary  antiseptics 0  1  1 

Vaccine,  lavage,  and  urinary  antiseptics 2  4  2 

Bladder  lavage  only 1 

No  treatment 3  2  8 

Surgery 2  4  1 

Death  from  renal  insufficiency 4 

Death  from  other  causes 4 


It  will  be  noted  in  the  above  tabulation  that  the  greatest  per- 
centage of  recoveries  is  found  in  the  "  vaccine  only  '*  column.  The 
patients  who  had  this  treatment  and  had  no  lavage  of  the  pelves 
had  very  mild  infections.  Many  of  them  showed  a  small  amount 
of  pus  in  the  urine,  and  cultures  were  obtained  only  after  repeated 
trials.  These  patients  would  probably  have  recovered  without 
treatment. 

The  rather  large  group  of  patients  who  received  antiseptics 
only  w^ere  advised  to  have  either  pelvic  lavage  or  vaccine,  but  as 
this  treatment  is  somewhat  troublesome  and  could  not  be  obtained 
at  their  homes,  they  continued  the  medicine  by  mouth  only. 
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Where  lavage  was  used,  the  number  of  complete  recoveries  is 
small.  These  cases  have  not  been  considered  free  from  infection 
until  the  urine  was  free  from  microscopic  pus,  and  until  repeated 
cultures  were  negative.  As  most  of  our  cases  were  irrigated  with 
silver  nitrate,  pus  could  be  obtained  at  any  time,  but  cultures  were 
repeatedly  negative  after  the  treatment  had  progressed  for  vary- 
ing lengths  of  time.  It  is  probable  that  the  silver  nitrate  was  the 
cause  of  microscopic  pus  in  many  cases  in  this  group,  and  that,  as 
many  of  them  were  culturally  free  from  organism,  they  should  be 
considered  temporarily  cured. 

Conclusions 

1.  Infections  elsewhere  in  the  body  are  predisposing  factors 
in  infections  of  the  kidneys  and  ureters. 

2.  Seventy-three  per  cent,  of  these  infections  are  bilateral  at 
the  onset  of  the  disease.  The  lack  of  pus  or  bacterial  growth  of 
the  catheterized  urine  does  not  always  mean  non-infection,  but 
non-active  infection. 

3.  Pyelography  and  guinea-pig  inoculation  may  be  necessary 
to  identify  tuberculous  infection  and  to  differentiate  the  unilateral 
from  the  bilateral  infection.  The  renal  functional  tests  were  fre- 
quently not  of  much  value  in  differentiation  between  the  locations 
of  the  infection. 

4.  Very  careful  technic  should  be  followed  in  obtaining  speci- 
mens for  culture,  as  contaminations  frequently  occur  and  negate 
the  bacteriologic  findings. 

5.  Treatment  affords  relief  or  cure  in  64  per  cent,  of  cases,  and 
should  always  be  carried  out  in  some  form.  No  single  method 
will  give  results  in  every  case,  so  that  all  methods  should  be  tried. 
Pelvic  lavage  has  probably  been  the  most  satisfactory,  but  when- 
ever possible,  should  be  used  in  conjunction  with  an  autogenous 
vaccine.  Nephrectomy,  when  necessary,  affords  complete  re- 
covery from  general  symptoms,  and  improvement  or  cure  of  the 
infection  in  the  remaining  kidney. 
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ANURIA  FOR  FIVE  AND  ONE-HALF  DAYS  IN 
A  PATIENT  ON  WHOM  LEFT  NEPHRECTOMY 
HAD  BEEN  DONE  * 

GILBERT  J.    THOMAS 


Case  58,357. — Man,  aged  forty-three  years.  Examined  July 
3,  1915.     Occupation,  locomotive  engineer. 

Nephrectomy  of  the  left  kidney  for  pyonephrosis  was  done  at 
the  Mayo  Clinic  September  16,  1911,  at  which  time  the  patient 
was  carefully  examined,  and  the  right  kidney  found  to  be  normal. 
Three  months  after  the  operation  he  returned  home  and  to  his 
work.     He  had  gained  in  weight,  and  seemed  to  be  in  good  health. 

Two  years  after  the  operation  he  had  an  attack  of  acute  right 
renal  pain  and  anuria  lasting  for  five  hours.  This  cleared  up  with- 
out treatment,  and  he  had  no  further  trouble  until  two  weeks 
before  coming  to  the  Clinic  the  second  time  (July  3,  1915),  when 
he  began  to  feel  bad.  He  lost  his  appetite,  had  a  coated,  dry 
tongue,  was  constipated,  and  stated  that  he  felt  "queer"  all  over. 
His  home  physician  thought  he  was  suffering  from  malaria,  and 
prescribed  accordingly.  Six  days  after  the  onset  it  was  noted 
that  no  urine  had  been  passed  for  five  and  one-half  days.  His 
bladder  was  catheterized  several  times  without  result.  Hot  packs, 
saline,  and  forced  water  were  used  during  the  next  thirty-six  hours, 
and  he  voided  62  ounces  of  urine.  Suppression  was  complete  for 
another  twenty-four  hours,  and  during  the  railway  journey  to 
Rochester  (500  miles)  the  patient  voided  but  one  ounce  of  urine. 
At  no  time  during  the  two  years  had  there  been  any  pain  that  might 
have  been  due  to  obstruction  of  the  right  ureter. 

At  the  second  examination  he  was  very  weak,  and  was  carried 
on  a  stretcher.  The  skin  was  muddy  in  color  and  very  dry. 
Mouth,  dry;  tongue,  coated,  dry,  and  furred;  breath,  foul  and 
somewhat  urinous;  teeth,  in  bad  condition.  Dulness  in  right 
chest,  posteriorly  and  anteriorly,  with  no  breath-sounds,  and  no 

*  Reprinted  from  the  Journal-Lancet,  1915,  xxxv,  667-08. 
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fremitus  over  these  areas.  Left  chest  normal.  The  heart-sounds 
were  good,  and  no  enlargement  could  be  demonstrated.  Pulse- 
rate  somewhat  increased.  The  abdomen  was  prominent,  and 
there  was  general  tenderness.  These  findings  were  more  marked 
on  the  right  side,  where  there  was  also  a  distinct  sense  of  resistance. 
The  abdominal  organs  could  not  be  palpated.  The  genitalia 
were  normal.  Acute,  inflamed,  protruding  piles  made  a  rectal 
examination  impossible.     No  edema  of  any  part  of  the  body. 

The  patient's  condition  made  immediate  relief  necessary,  and 
he  was  prepared  for  cystoscopy.  Since  this  patient  had  been  free 
from  pain  and  the  history  of  the  onset  was  somewhat  gradual, 
nephritis  was  at  first  thought  of,  but  relief  by  ureteral  catheteriza- 
tion was  the  logical  measure  to  be  tried  first,  and  decapsulation 
and  exploration  of  the  upper  ureter  to  be  attempted  if  this  failed. 
The  bladder  was  normal;  the  right  ureteral  orifice  was  easily  found, 
but  no  urine  was  seen  during  an  observation  of  fifteen  minutes. 
A  No.  6  flute-end  catheter  was  introduced  into  the  ureter,  and  met 
resistance  at  its  upper  third.  By  a  gradual  and  careful  manipula- 
tion the  resistance  was  passed,  but  for  about  two  or  three  minutes 
no  urine  could  be  obtained  through  the  catheter.  Gentle  pressure 
over  the  kidney  was  then  applied,  and  a  syringe  used  for  suction 
at  the  end  of  the  catheter,  which  resulted  in  the  passage  of  about 
two  drams  of  a  thick,  ropy  mucus,  followed  by  a  continuous  stream 
of  slightly  hemorrhagic  urine.  Not  knowing  the  cause  of  obstruc- 
tion and  fearing  recurrence,  the  cystoscope  was  removed,  leaving 
the  ureteral  catheter  in  place.  During  the  first  twenty-four  hours 
the  patient  passed  quantities  of  clear  urine,  and  his  abdominal 
prominence  and  rigidity  were  at  once  relieved.  He  felt  better 
within  fifteen  minutes  after  the  ureteral  catheter  began  to  drain. 
By  frequent  irrigation  with  warm  boric-acid  solution  the  catheter 
was  kept  open  for  three  days.  During  the  last  twelve  hours  of  this 
time  the  patient  seemed  to  void  urine  normally,  and,  since  the 
catheter  had  slipped  considerably,  it  was  removed. 

The  patient  was  advised  to  remain  in  bed  and  on  his  back  for 
two  or  three  days.  There  was  no  recurrence  of  the  anuria,  and  he 
was  then  allowed  to  get  up  and  about.  Although  somewhat  weak, 
he  felt  well,  and  his  general  condition  was  greatly  improved. 
Fourteen  days  later  he  was  apparently  normal,  and  wanted  to  go 
to  work.  At  this  time  Roentgen  and  cystoscopic  examinations 
showed  the  kidney  and  ureter  free  from  shadows  and  the  kidney 
functioning  normally.  The  functional  test  gave  51  per  cent,  of 
phenolsulphonephthalein  secreted  in  two  hours.     We  were  much 
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surprised  not  to  find  evidence  of  residual  urine  in  the  pelvis  at  this 
time.  The  patient  was  allowed  to  go  home,  but  advised  not  to 
work  for  at  least  one  month. 

The  points  of  interest  in  this  case  are  the  following: 

1.  Complete  anuria  for  five  and  one-half  days,  and  the  total 
amount  of  urine  secreted  in  nine  days,  64  ounces. 

2.  The  patient  had  but  one  kidney,  the  other  having  been  re- 
moved some  time  before  for  pyonephrosis. 

3.  No  history  of  pain  during  the  present  attack. 

4.  The  cause  of  obstruction  not  known.  No  stones  or  frag- 
ments were  passed  before  or  after  cystoscopy.  Roentgen  ray  was 
negative. 

5.  Relieved  by  permanent  ureteral  catheter. 

6.  The  patient  in  apparently  normal  health  after  ten  days,  and 
no  damage  to  the  kidney  demonstrated. 


PROCEDURES  FOLLOWING  NEPHRECTOMY* 

WILLIAM   J.    MAYO 


I.  THE  TRANSPERITONEAL  CLOSURE  OF  DUODENAL 
FISTULAS  FOLLOWING  NEPHRECTOMY 

Injuries  to  the  third  portion  of  the  duodenum  may  occur  dur- 
ing right  nephrectomy.  In  a  previous  communication  I  *  reported 
three  such  cases.  The  injury  is  most  apt  to  occur  in  the  attempt 
to  secure  the  pedicle  for  the  purpose  of  ligation,  and  is  especially 
liable  to  happen  when  the  pedicle  is  greatly  infiltrated  with  in- 
flammatory- products  and  fixed  in  close  relationship  wdth  the  duo- 
denum. Under  such  circumstances  the  vascular  pedicle  of  the 
kidney  may  slip  from  the  retaining  forceps  or  ligature  during 
attempts  at  ligation.  Efforts  to  grasp  with  tooth  forceps  the 
bleeding  vessels  in  the  bottom  of  the  wound  may  result  in  the  duo- 
denal injury.  The  perforation  follows  after  some  days,  due  to 
necrosis  of  the  devitalized  portion  of  the  duodenum. 

All  the  patients  reported  on  in  my  first  communication  died 
^-ithin  three  weeks  from  the  date  of  the  injury  as  the  result  of  rapid 
failure  of  nutrition.  At  that  time  I  advised  that  no  attempt  be 
made  to  close  the  fistula  from  behind  and  that  no  time  be  wasted 
with  the  expectation  of  spontaneous  closure  of  the  fistula.  Instead, 
as  soon  as  the  diagnosis  should  be  established,  the  abdominal  cav- 
ity should  be  opened  through  the  anterior  abdominal  wall,  the  peri- 
toneum incised  to  the  right  of  the  curve  in  the  duodenum,  the 
duodenum  itself  elevated  from  its  retroperitoneal  bed  at  its  outer 
side,  and  the  duodenal  opening  closed  directly  by  suture.  Of  the 
three  cases  reported,  in  two  the  duodenal  injury  occurred  at  the 
primary  operation  and  in  one  it  was  secondary.     In  this  latter 

*  Reprinted  from  Jour.  Amer.  Med.  Assoc.,  1915,  Ixiv.  95S-957. 
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case  the  physician  in  charge  of  the  after-care  of  the  patient  used  a 
sound  to  explore  a  sinus  which  formed  following  the  nephrectomy, 
and,  since  the  duodenal  fistula  appeared  immediately  after  the 


Fig.  106. — Site  of  duodenal  fistula  on  posterior  wall  of  duodenum,  showing  line  of  incision  through 

peritoneum. 


sounding,  it  was  thought  that  during  the  manipulation  the  sound 
was  plunged  directly  into  the  duodenum.  The  case  herewith  re- 
ported belongs  to  the  latter  type  of  injury. 


PROCEDURES  FOLLOWING  NEPHRECTOMY  351 

Case  108,397. — H.  C.  H.,  a  man  aged  forty-six,  was  admitted 
to  the  Clinic  June  17,  1914.  Roentgen  examination  revealed  a 
single  stone  in  the  left  kidney  and  multiple  stones  in  the  right 
kidney.  Cystoscopic  and  ureteral  examination  showed  slightly 
infected  urine  and  moderately  diminished  function  in  the  left  kid- 
ney, while  a  pyonephrosis  with  destruction  of  function  was  evi- 
dent in  the  right  kidney.  It  seemed  advisable  first  to  remove  the 
stone  from  the  left  kidney,  thus  restoring  it  to  good  function,  and 
to  remove  the  right  kidney  at  a  second  operation.  On  June  30, 
1914,  a  stone  was  removed  from  the  left  renal  peKds.  The  patient 
made  an  excellent  recovery  from  this  operation  and  on  August 
26,  1914,  the  right  kidney  was  removed. 

Both  operations  were  done  through  posterior  lateral  incisions. 
The  wound  in  the  left  side  healed  primarily  and  was  sound  before 
the  right  nephrectomy  was  undertaken.  On  the  right  side  there 
was  primary  union;  but  during  the  fourth  week,  without  premoni- 
tory symptoms,  a  sinus  formed  in  the  wound  and  continued  until 
the  date  of  reexamination  on  January  4, 1915.  The  history  showed 
that  when  the  sinus  first  formed  it  caused  comparatively  little 
inconvenience,  but  later  the  patient  developed  symptoms  of  septic 
infection,  although  without  any  increase  of  the  local  signs.  There 
was  an  evening  temperature  of  from  101°  to  103°  F.,  with  occasional 
chills,  general  malaise,  and  loss  of  flesh.  This  continued  for 
some  weeks,  then  the  patient  gradually  improved  and  was  able  to 
be  about,  but  the  sinus  continued  to  drain  a  peculiar  purulent 
substance  which  had  somewhat  the  appearance  of  gelatin.  The 
total  amount  discharging  from  the  sinus  in  twenty-four  hours  did 
not  exceed  one  or  two  drams. 

On  January  6,  1915,  under  ether  anesthesia,  I  enlarged  the 
sinus  sufficiently  to  introduce  a  finger  into  the  cavity,  which  was 
of  considerable  size  and  quite  unlike  the  ordinary  drainage  cavity 
due  to  sepsis.  The  space  was  rather  soft  and  indefinite  and  there 
was  no  apparent  retention  of  secretion  in  the  cavity.  A  strip  of 
iodoform  gauze  was  placed  through  the  opening.  No  instrument 
of  any  kind  was  introduced  into  the  cavity.  On  January  7th 
there  was  a  very  considerable  discharge  of  light  yellowish  fluid. 
January  8th  the  piece  of  gauze  was  removed  and  there  was  an 
abundant  discharge  of  bile,  pancreatic  and  duodenal  secretion,  and 
some  particles  of  food.  It  was  evident  that  there  was  a  duodenal 
fistula  in  the  retroperitoneal  portion  of  the  duodenum  (Fig.  106), 
but  how  produced  was  a  mystery. 

The  patient  was  at  once  taken  to  the  operating  room,  the 
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abdomen  opened  by  an  incision  through  the  middle  of  the  upper 
right   rectus  muscle,   the  hepatic  flexure  and   transverse  colon 


Fiff.  107. — Showin;;  Bstula  opening  dissected  from  posterior  attftchmenl  and  brought  into  %'iew. 

drawn  down,  the  liver  and  gall-bladder  up,  and  an  incision  made 
through  the  peritoneum  to  the  outer  side  of  the  duodenum,  begin- 
ning at  the  level  of  the  papilla  of  the  common  duct  and  extending 
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around  well  to  the  spine.  The  duodenum  was  carefully  dissected 
from  its  posterior  attachments  until  the  fistula,  which  was  of  suflB- 
cient  size  to  admit  the  end  of  the  finger,  was  completely  separated 


Fi^.  106. — a.  Suturing  of  fistula;  b,  protecting  sutured  area  with  omental  graft. 
'15— «8 
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and  exposed  in  the  wound  (Figs.  107  and  108).  The  fistula  was 
sutured  transversely  with  chromic  catgut  and  interrupted  fine  silk. 
The  omentum  was  drawn  over  the  sutured  duodenum  and  the  tip  was 
passed  into  the  posterior  opening,  from  which  the  fistula  had  been 
separated,  and  attached  in  position  with  a  few  catgut  sutures.  A 
rubber-tissue  drain  was  introduced  through  the  sinus  opening  into 
the  posterior  cavity.  The  entire  operation  occupied  but  a  few 
minutes  and  was  remarkably  easy  of  accomplishment.  The  pa- 
tient made  an  uninterrupted  recovery. 


This  case  brings  up  the  very  interesting  question:  What  was 
the  cause  of  the  fistula?  The  original  nephrectomy  was  sub- 
capsular, and  certainly  no  direct  injury  to  the  duodenum  occurred 
during  the  operation,  or  the  fistula  would  have  developed  at  once. 
The  fistulous  opening  on  the  inner  posterior  aspect  of  the  duodenum 
extended  well  up  into  the  edge  of  the  pancreas,  as  shown  by  the 
operation  for  its  closure.  It  is  probable  that  chronic  infection 
existed  in  the  pedicle  at  the  time  of  the  nephrectomy,  and  this 
infected  area  led  to  localized  necrosis  in  the  margin  of  the  head  of 
the  pancreas,  and  the  curious  nature  of  the  cavity  and  its  discharge 
was  the  result  of  a  little  pancreatic  secretion  in  connection  with  the 
necrosis.  The  injury  at  the  time  of  the  exploration  certainly 
could  not  have  been  inflicted  directly  on  the  duodenum,  since,  at 
the  time  of  the  closure  of  the  fistula,  with  the  right  hand  in  the 
abdomen,  the  first  finger  introduced  through  the  posterior  wall  of 
the  abdomen  into  the  cavity  and  the  left  forefinger  introduced 
through  the  lumbar  sinus  could  not  be  made  to  meet.  It  is  evi- 
dent, therefore,  that  this  condition  existed  as  the  result  of  some  slow 
infection,  and,  in  the  manipulation,  separation  of  a  necrotic  area 
in  the  duodenum  was  indirectly  bpought  about. 

The  transperitoneal  approach  to  the  fixed  portion  of  the  duo- 
denum has  been  advised,  although  in  my  somewhat  superficial 
examination  of  the  literature  I  did  not  find  any  reported  cases  of 
duodenal  injury  during  right  nephrectomy.  Nevertheless,  I  am 
sure  that  these  injuries  have  occurred,  but  the  seat  of  the  fistula's 
opening  has  not  been  recognized  as  being  duodenal. 

Summers'  treated  a  gunshot  injury  in  the  retroperitoneal  part 
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of  the  duodenum  by  the  transperitoneal  route  and  gave  an  ex- 
cellent summary  of  the  somewhat  scanty  literature  which  existed 
at  that  time. 

Kanavel,'  in  a  careful  study  of  the  method  of  approach  to  this 
portion  of  the  duodenum,  a  method  which  he  used  for  traumatic 
rupture,  brings  the  literature  up  to  date.  He  advised  that  attack 
be  made  from  below  the  colon  through  the  inferior  layer  of  the 
transverse  mesocolon,  and  this  undoubtedly  is  wise  when  that 
portion  of  the  duodenum  is  injured  which  lies  over  the  spine  toward 
the  duodenojejunal  angle.  For  this  particular  injury,  however, 
the  method  of  approach  from  above  the  transverse  colon  is  so  easy 
and  satisfactory  that  I  think  it  will  be  the  method  of  choice  in 
such  cases.  Considerable  movability  is  possessed  by  this  part  of 
the  duodenum,  its  blood  supply  and  fixed  portion  lying  against 
the  pancreas  on  the  inner  side  to  the  left,  so  that  almost  its  whole 
circumference  can  be  brought  into  view  through  this  incision. 


II.    THE  TWO-FORCEPS  METHOD  FOR  THE  LIGATION 

OF  VASCULAR  PEDICLES,  WITH  SPECIAL 

REFERENCE  TO  NEPHRECTOMY 

In  the  sixteenth  century,  Ambrose  Pare,  the  Huguenot  physi- 
cian of  Catharine  de  Medici,  first  applied  the  ligature  to  check 
hemorrhage,  and  the  ligature  still  remains  the  method  of  choice 
as  a  means  of  controlling  hemorrhage.  One  might  suppose  that 
experience  for  nearly  four  hundred  years  with  this  effective  device 
would  have  resulted  in  a  technic  nearly  perfect,  but  this  is  far  from 
the  truth.  To-day,  the  most  common  avoidable  cause  of  death 
following  surgical  operations  is  the  effect  of  hemorrhage,  although 
deaths  on  the  operating  table  directly  from  this  cause  are  rare. 
The  common  cause  of  so-called  surgical  shock  is  collapse  from 
loss  of  blood,  and  traumatism  of  important  structures  in  hasty 
attempts  to  control  hemorrhage.  Secondary  shock  usually  means 
a  bleeding  vessel  overlooked  at  the  time  of  operation,  vessels 
improperly  ligated  which  commence  to  bleed  after  the  patient  has 
been  placed  in  bed  and  the  normal  vascular  tonus  has  been  restored. 
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or  massive  sepsis  from  a  viscus  injured  in  controlling  hemorrhage. 
Any  hospital  that  is  not  securing  a  high  percentage  of  necropsies 
following  surgical  fatalities  will  have  a  number  of  unexplained 
deaths  in  which,  directly  or  indirectly,  hemorrhage  is  the  cause, 
although  not  suspected.  The  surgeon  whose  work  is  not  checked 
by  necropsies  in  deaths  following  his  operations  usually  has  many 
ingenious  explanations  as  to  the  cause  of  death,  explanations  which 
may  appear  reasonable  and  scientific  and  which  occasionally  may 
be  correct. 

At  present,  in  our  clinic,  necropsies  are  secured  in  more  than 
90  per  cent,  of  all  deaths.  Either  the  operating  surgeon  or  the 
first  assistant  is  present  at  the  necropsy.  Thus  we  secure  an 
enormous  amount  of  information,  much  of  it  humiliating  to  the 
surgeon  and  much  of  it  concerning  failure  of  hemostasis. 

People  die  from  very  real  things.  When  I  hear  of  some  surgical 
fatality  explained  in  some  abstruse  theoretic  manner,  I  suspect 
that  a  postmortem  was  not  made  or,  if  made,  that  it  was  done  by  a 
pathologist  not  competent  to  judge  of  the  conditions  present.  For 
this  reason  I  should  urge  that  the  postmortem  be  held  by  a 
competent  pathologist  who  is  interested  in  getting  at  the  facts 
rather  than  in  endeavoring  to  conjure  up  excuses  for  the  surgeon, 
and  that  by  all  means  the  operating  surgeon  or  his  first  assistant 
shall  take  part  in  the  postmortem  or  at  least  be  present.  The  sur- 
geon should  discuss  necropsy  findings  in  his  clinic,  so  that  by 
example  and  precept  other  lives  may  be  saved.  In  no  other  way 
can  he  so  well  atone  for  his  shortcomings.  As  Lincoln  said  in  his 
Gettysburg  address:  "These  dead  shall  not  have  died  in  vain." 

Internal  hemorrhage,  especially  in  the  abdomen,  is  not  always 
classic  in  its  symptoms.  The  blanching,  restlessness,  air-hunger, 
subnormal  respiration,  and  increasing  rapidity  of  pulse  may  not 
be  prominent  features.  If  the  hemorrhage  is  somewhat  slow,  the 
patient  may  not  die  for  several  days.  Again,  the  hemorrhage  may 
not  be  of  itself  lethal,  but  may  be  responsible  for  a  later  sepsis  by 
furnishing  a  culture-medium  for  a  few  germs  which  may  have  been 
present  and  which  the  tissues  otherwise  might  have  been  capable 
of  destroying.     For  this  reason  any  improvement  in  the  technic 
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of  hemostasis,  however  small,  has  a  value  even  though  it  only 
keeps  our  attention  constantly  directed  toward  the  necessity  for 
reliable  hemostasis. 

In  the  attempt  to  tie  a  deeply  placed  pedicle  it  occasionally 
slips  out  of  the  grasp  of  the  ligature,  permitting  rapid  and  ex- 
hausting hemorrhage.  This  is  especially  true  of  the  pedicle  of  the 
kidney.  The  surgeon  reaches  in  with  forceps  and  with  consider- 
able difficulty,  in  a  pool  of  blood,  succeeds  in  grasping  the  vessels. 
Forceps  used  in  this  way  are  dangerous.  In  these  hurried  attempts, 
if  the  operation  be  a  right  nephrectomy,  the  vena  cava  or  the  retro- 
peritoneal portion  of  the  duodenum  may  be  injured.  Vessels  the 
size  of  the  renals  can  be  easily  caught  and  held  with  the  fingers. 
The  spurting  of  blood  leads  the  fingers  directly  to  the  vessels,  and 
forceps  can  then  be  applied  with  care  and  circumspection. 

If  the  two-clamp  method  be  used  for  the  purpose  of  ligation, 
slipping  of  the  pedicle  should  not  occur.  The  kidney  is  first  ex- 
posed through  an  appropriate  incision,  such  as  the  posterolateral, 
which  I  have  previously  described.*  The  perirenal  fat  is  separated, 
the  ureter  divided  between  ligatures,  and  the  ends  sterilized.  For- 
ceps should  not  be  left  on  the  portion  of  the  ureter  which  is  to  be 
removed  with  the  kidney,  as  they  may  slip  or  tear  off  and  the 
wound  be  soiled  from  the  contents  of  the  renal  pelvis.  The  frag- 
ment of  ureter  to  be  removed  should  be  dissected  well  up  to  the 
pelvis  of  the  kidney,  that  it  may  not  be  tied  into  the  vascular  ped- 
icle. The  vascular  pedicle  is  now  exposed  by  careful  removal  of 
its  surrounding  fat  (Fig.  109).  In  many  cases  the  vessels  can  be 
ligated  separately,  but  if  the  pedicle  is  thick  and  deeply  placed,  or 
if  the  operation  be  a  subcapsular  nephrectomy,  two  forceps  are 
placed  on  the  proximal  side,  if  possible  about  ^  inch  apart,  and 
the  kidney  cut  away.  A  ligature  is  then  thrown  around  the  pedicle 
beneath  the  deeper  pair  of  forceps.  This  pair  of  forceps  is  removed 
so  that  the  ligature  slides  into  the  groove  made  by  the  forceps  and 
is  tied,  while  the  pedicle  itself  is  still  safely  retained  in  the  distal 
forceps  (Fig.  110).  A  second  ligature  can  then  be  placed  and  the 
distal  forceps  removed  as  the  knot  is  pulled  tight.  Mass  ligation  of 
this  type,  theoretically,  is  not  as  good  as  ligation  of  the  separate 
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Fig.  109. — Kidney  drawn  up  with  two  ciainps  in  position;  ureter  dissected  well  up  to  pelvis  and  hilum 

of  kidney. 
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vessels;  but  if  sepsis  or  tuberculosis  is  present,  direct  ligation  of 
each  vessel  cannot  be  accomplished  so  safely.  If  done  blindly, 
the  renal  veins  may  be  penetrated  and  thus,  if  the  wound  has  been 
soiled,  sepsis  or  tuberculous  infection  may  be  carried  directly 
into  the  vein.  In  our  early  experience  there  was  one  death  from 
general  septicemia  and  one  from  acute  miliary  tuberculosis  for 
which  I  believe  direct  venous  infection  from  the  needle  carrying 
the  ligature  was  responsible. 

The  two-forceps  method  is  especially  applicable  in  nephrec- 
tomy and  splenectomy.  In  the  latter  operation,  care  should  be 
taken  that  the  tail  of  the  pancreas  does  not  extend  up  into  the 
hilum  of  the  spleen;  if  so,  it  must  be  dissected  out  before  the  clamps 
are  placed  in  position. 


and  Ugature  ti.ed  i 

Fig.  110. — Method  of  procedure  in  two-forceps  ligation  of  pedicle. 

Thus  far  I  have  succeeded  in  using  the  two-forceps  method  on 
the  renal  pedicle.  In  some  other  situations  only  a  single  pair  of 
forceps  can  be  applied  to  a  pedicle  and  not  always  satisfactorily 
at  that,  as  the  point  of  the  forceps  may  not  project  far  enough 
beyond  the  tissues  within  their  bite  to  secure  a  firm  hold  for  the 
ligature;  or  the  pedicle  may  lie  very  deep  so  that  the  ligature  can- 
not be  passed  beyond  the  point  of  the  forceps.  In  such  a  case  it 
is  necessary  to  use  a  ligature  on  a  needle.  The  needle,  threaded, 
is  passed  through  about  one-fourth  of  the  diameter  of  the  pedicle. 
Then,  with  a  single  knot,  the  tissues  are  brought  sufficiently  tight 
under  the  end  of  the  forceps  to  secure  a  good  hold.  The  ligature 
is  then  brought  around  the  opposite  side  of  the  pedicle  and  a  single 
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knot  made.  The  forceps  are  slowly  loosened  and  the  ligature 
pulled  home;  both  sides  of  the  pedicle  are  thus  drawn  tight  and 
the  ligature  cannot  slip  (Fig.  111).  I  learned  this  very  useful  bit 
of  technic  from  Professor  Graser,  of  Erlangen. 

For  large  tumors  an  anterior  transperitoneal  incision  is  to  be 
preferred  over  the  retroperitoneal  posterior  lateral,  especially  for 
malignant  disease.  It  permits  careful  examination  of  the  growth, 
of  the  liver,  and  of  the  abdominal  contents  generally,  so  that  the 
patient  may  not  be  unavailingly  subjected  to  a  formidable  pro- 
cedure if  metastatic  deposits  are  already  present.  For  this  reason 
the  lungs  should  always  be  roentgenographed  before  deciding  on 
operation  to  ascertain  the  presence  of  metastasis. 


^>z^s==i 


,     ^Lijjature   with,  first 
Vnot    {Raw  a    ttgHt 


Fig.  111. — Mrthod  of  ligation  of  pedicle  (after  Graaer). 


In  malignant  renal  growths,  if  the  tumor  is  removable,  the 
ureter  should  be  located  at  once,  divided,  and  the  ends  sterilized 
well  below  the  tumor  to  prevent  squeezing  infected  material  into 
the  lower  portion  of  the  ureter  during  the  enucleation.  The  upper 
end  of  the  ureter  is  dissected  up  to  the  pelvis  and  the  renal  vessels 
secured  at  their  origin*  before  any  attempt  is  made  to  remove  the 
growth;  otherwise,  polypoid  projections  from  the  tumor,  which 
may  fill  the  renal  veins,  may  be  forced  into  the  vena  cava.  This  is 
an  accident  which  necropsy  findings  show  to  be  not  infrequent, 
especially  in  the  type  of  solid  tumor  of  the  kidney,  the  renal 
mesothelioma  (Grawitzian  tumor  or  "hypernephroma"). 
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III.    THE  MANAGEMENT  OF  THE  URETER  AFTER 
NEPHRECTOMY  FOR  TUBERCULOSIS 

In  our  experience  less  than  5  per  cent,  of  the  ureters  in  tuber- 
culosis of  the  kidney  require  removal.  These  are  usually  cases 
in  which  a  stricture  exists  in  the  lower  portion  of  the  ureter  close 
to  the  bladder,  so  that  there  is  more  or  less  retention  on  that  side,  a 
condition  which  obtains  in  a  small  percentage  of  the  total  number 
and  which  may  be  differentiated  by  ureteropyelography.  Such 
ureters  should  be  removed  with  the  kidney  at  the  primary  opera- 
tion. 

If  the  kidney  has  become  converted  into  a  closed  sac,  the  ureter 
will  often  be  found  to  be  obliterated  just  below  the  pelvis.  In  pure 
tuberculosis  the  ligation  of  such  a  ureter  and  sterilization  of  the 
stump  disposes  of  it  safely.  In  the  "pipe-stem"  ureters  and  all 
containing  a  lumen,  but  in  which  there  is  no  mixed  infection,  the 
injection  of  from  5  to  10  minims  of  a  95  per  cent,  solution  of  phenol 
(carbolic  acid)  into  the  ureter,  with  ligation,  insures  such  a  ureter 
and  the  wound  against  further  trouble.  In  these  two  types  of 
cases  the  nephrectomy  wound  should  not  be  drained,  because  of  the 
danger  of  secondary  infection  of  the  ureteral  stump  which  so  often 
follows  the  drainage  tract,  leading  to  wound  infection  and  sinus 
formation,  to  which  I  have  called  attention  in  a  previous  communi- 
cation.^ 

Even  if  the  wound  be  accidentally  soiled  with  tuberculous 
material,  it  will  be  better  to  wipe  it  out  carefully,  fill  with  salt  solu- 
tion, and  close  tightly  rather  than  to  drain,  if  the  stump  of  the 
ureter  be  dropped  into  the  wound.  To  put  it  broadly,  in  all  tuber- 
culous kidneys  which  have  become  closed  sacs  or  at  least  have 
lost  their  function,  the  ureter  may  be  sterilized  and  dropped  into 
the  wound  and  in  such  cases  the  wound  should  be  closed  without 
drainage. 

When  there  is  secretion  of  urine,  and  especially  when  there  is  a 
mixed  infection  present,  if  the  ureter  be  tied  and  dropped  into  the 
wound  it  will  occasionally  cause  wound  infection  and  sinus  forma- 
tion.    If  the  other  kidney  be  involved,  the  patient  may  eventually 
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die  from  phenomena  having  their  origin  in  the  infection.     In  these 
cases  the  stump  of  the  ureter  should  be  attached  to  the  skin  at  the 


Fig.  112. — Proper  incision  for  exposure  of  the  kidney:   ureter  drawn  out  of  anterior  end  of  incision 

and  sutured  to  skin. 


anterior  extremity  of  the  incision  and  should  not  be  dropped  into 
the  wound.  WTien  so  attached,  it  permits  the  safe  escape  of  dis- 
charging fluids  (Fig.  112).  This  is  especially  true  in  recent  involve- 
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ment  of  the  kidney  when  there  is  considerable  functionating  renal 
tissue.  The  rule  should  be  that  when  the  kidney  removed  for 
tuberculosis  is  still  secreting  urine,  if  there  is  any  evidence  of  mixed 
infection,  the  better  practice  is  to  attach  the  stump  to  the  skin  to 
prevent  the  possibility  of  wound  infection  with  tuberculosis  and 
sepsis.  In  just  such  cases  the  ureter  will  be  found  enlarged  and 
softened,  but  not  shortened  or  rigid. 

Subsequently,  the  ureter  will  often  discharge  more  or  less  for 
some  days  or  even  weeks,  but  in  practically  all  the  cases  it  will  heal 
spontaneously.  Those  which  fail  to  do  so  can  be  removed  at  a 
secondary  operation  very  conveniently  from  in  front  and  the 
removal  is  greatly  facilitated  by  its  anterior  attachment.  In  a 
considerable  number  of  cases  in  which  we  have  attached  the  ureter 
to  the  skin  there  has  been  no  pain  or  inconvenience  from  it  beyond 
the  necessity  of  wearing  a  little  pad  of  absorbent  material  over  it, 
should  it  discharge  for  a  short  time. 
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FOREIGN  BODIES  IN  THE  URINARY 
BLADDER  * 

EDWARD    STARR   JUDD 


Foreign  bodies  usually  enter  the  urinary  bladder  through  the 
urethra.  In  many  of  the  reported  cases  a  piece  of  a  surgical  instru- 
ment, e,  g.,  rubber  catheter  or  dilating  instrument  of  some  kind, 
has  been  broken  off  or  lost  during  the  process  of  examination  or 
treatment. 

Packard^  has  collected  and  analyzed  222  cases,  including  one 
of  his  own,  of  foreign  bodies  introduced  into  the  male  bladder 
through  the  urethra.  In  108  instances  the  object  was  a  part  of  a 
surgical  instrument.  In  the  remaining  113  there  was  included  a 
wide  variety  of  articles,  almost  all  different.  The  foreign  body  was 
usually  introduced  into  the  urethra  purposely,  then  lost  control 
of,  when  it  slipped  back  through  the  urethra  into  the  bladder. 
The  length  of  time  the  objects  had  remained  in  the  bladder  varied 
greatly;  in  many  instances  it  is  difficult  to  determine  just  how  long 
they  have  staid  in  the  urethra  before  entering  the  bladder.  In 
Packard's  own  case  a  piece  of  hard-rubber  bar  had  been  in  the 
bladder  fourteen  years.  Other  authentic  cases  have  been  reported 
of  foreign  bodies  in  the  bladder  for  at  least  fifteen  years,  and  when 
removed,  they  were  usually  entirely  surrounded  by  incrustations 
from  salt  deposits.  Some  materials,  however,  seem  to  be  immune 
to  this;  in  one  of  our  cases  a  piece  of  bone  had  been  in  the  bladder 
for  some  time  and  showed  very  little  incrustation. 

In  several  instances  in  oiu*  clinic  pieces  of  catheters  have  been 
removed,  the  histories  showing  that  they  had  probably  been  in 

*  Read  before  the  Western  Surgical  Association,  Des  Moines,  Iowa,  December 
17,  1915.    Reprinted  from  Journal-Lancet,  1916,  xxxvi,  421. 
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the  bladder  for  several  weeks.  They  were  usually  discovered  dur- 
ing the  examination  of  patients  for  enlarged  prostates  or  stones  in 
the  bladder,  and  have  been  removed  when  operating  for  such 
conditions.  The  following  are  brief  histories  of  cases  of  foreign 
bodies  in  the  bladder  which  were  treated  in  our  clinic: 

Case  A19,437. — ^D.  K.,  female,  aged  seven  years.  Exam- 
ined January  25,  1909.  The  patient  thought  a  hair-pin  got  into 
her  bladder  about  eleven  months  before.  Since  then  she  has  had 
burning  on  micturition  (better  and  worse  by  spells),  and  frequency, 
with  the  passage  of  small  amounts  of  urine  at  a  time;  never  any 
hematuria.  Bowels  normal.  Appetite  good.  No  cramps.  Uri- 
nalysis showed  alkaline  reaction,  some  pus  and  albumin.  Roent- 
genogram taken  elsewhere  showed  the  hair-pin  and  a  shadow  in 
the  area  of  the  bladder.  A  cystoscopic  examination  was  made, 
and  a  wire  hair-pin  embedded  in  the  left  wall  of  the  bladder  close 
to  the  urethra  was  discovered.  The  free  end  of  the  hair-pin  was 
incrusted  with  a  calcareous  deposit.  The  inserted  end  was  "S" 
shaped  and  could  not  be  removed  through  a  Kelly  cystoscope. 
The  child  was  operated  on  January  27,  1909,  and  the  hair-pin, 
covered  with  stony  incrustation,  removed  through  the  urethra. 

Case  A73,442. — ^A.  R.,  female,  aged  thirteen  years.  This 
patient  was  examined  September  10, 1912.  She  had  been  troubled 
with  enuresis  since  the  age  of  nine.  After  exercise  there  was 
present  a  dull  ache,  referred  to  both  loins,  particularly  to  the  right. 
For  the  past  nine  months  there  had  been  considerable  irritability 
of  the  bladder  and  incontinence  most  of  the  time;  no  obstruction, 
but  a  great  deal  of  urgency.  Stone  in  the  bladder  was  palpable 
per  rectum.  Urinalysis  showed  acid  reaction,  trace  of  albumin, 
•  a  few  red  cells,  and  a  good  deal  of  pus.  In  the  roentgenogram  the 
shadow  of  a  hair-pin,  with  what  appeared  to  be  a  phosphatic 
deposit  about  it,  showed  in  the  vesical  area.  Examination  with 
the  cystoscope  revealed  a  markedly  inflamed  bladder,  and  a  large, 
rough  phosphatic  stone  the  size  of  an  egg.  The  pin  was  not  visible, 
however.  It  was  impossible  thoroughly  to  explore  the  bladder. 
Suprapubic  cystotomy  was  done  September  12,  1912.  A  large 
stone  which  formed  about  the  pin  as  a  nucleus  was  removed,  and  a 
retention  catheter  inserted  into  the  urethra  (Fig.  108). 

Case  A1  12,539. — N.  C,  female,*  aged  seventeen  years.  Ex- 
amined August  10,  1914.  Nothing  of  note  in  previous  history 
except  a  gradual  decrease  in  the  menstrual  flow  for  the  past  five 
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months;  at  the  last  period  only  a  slight  stain.  For  one  year  there 
had  been  urinary  frequency,  which  was  gradually  getting  worse. 
Ten  months  before  there  had  been  acute  pain,  not  radiating,  and 
lasting  for  several  days,  in  the  region  of  the  right  kidney.  The 
patient  was  in  bed  three  or  four  days.  Pus  but  no  blood  was  noted 
in  the  urine  a  day  or  two  afterward.  She  had  had  four  similar 
attacks  since  then,  though  during  the  last  one  the  pain  was  not  as 


Fig.  1 18. — Hair-pin  and  stony  deposit  in  the  bladder,  ends  of  the  pin  embedded  in  the  wall  ol  the 

bladder. 


severe  and  of  shorter  duration.  There  had  been  increasing  fre- 
quency and  burning,  with  a  decreasing  amount  of  urine,  occasional 
incontinence  at  night,  and  sometimes  during  the  day.  The  urine 
starting  and  stopping  by  spells,  was  then  induced  to  flow  again 
by  straining.  Bowels  constipated.  Appetite  fair.  She  said  she 
had  used  a  hair-pin  about  a  year  ago  because  she  was  unable  to  pass 
water.  The  physical  examination  showed  hypertrophic  breasts, 
pigmentation,  and  abdominal  striae  suggestive  of  previous  preg- 
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nancy,  which  the  girl  denied.  The  vagina  admitted  two  fingers. 
The  blood  on  the  examining  fingers  was  probably  menstrual. 
The  uterus  was  small  and  retroflex.  Urinalysis  was  negative. 
Roentgen  and  cystoscopic  examinations  revealed  a  small  irritable 
bladder;  marked  cystitis;  one  stone  the  size  of  a  hen's  egg,  ir- 
regularly elongated,  rough,  phosphatic,  light  gray  in  color.  A 
diagnosis  was  made  of  stone  in  the  bladder,  probably  with  a  hair- 


Fig.  114. — Hairpin  in  the  bladder  with  stony  deposit  about  it. 

pin  as  a  nucleus.  Suprapubic  cystotomy  was  performed  under 
ether  anesthesia  August  14,  1914.  The  stone  was  removed  and  a 
tube  drain  inserted  outside  the  bladder  (Fig.  1 14) . 

Case  A95,006. — R.  F.,  male,  aged  ten  years.  Examined 
November  5,  1913.  Six  hours  before  being  brought  to  the  clinic, 
November  3,  1913,  this  patient  was  shot  in  the  abdomen  with  a 
.22  caliber  rifle,  the  bullet  striking  midway  between  the  umbilicus 
and  the  pubes.    He  had  vomited  twice  and  was  passing  bloody  urine. 
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Pulse,  90.  It  was  believed  that  the  bladder  and  probably  the 
intestine  had  been  perforated.  He  was  operated  on  at  once,  and 
the  bullet,  which  had  entered  the  bladder  through  the  peritoneal 
surface,  was  removed.  The  opening  was  sutured  with  catgut  and 
drainage  inserted.  The  bullet  had  penetrated  one  side  of  a  loop 
of  the  small  intestine,  and  an  ecchymotic  spot  was  plainly  visible 
on  the  opposite  wall.     This  opening  was  also  sutured. 

Case  (Gr.  Book  5,  p.  432). — G.  W.,  male,  aged  twenty  years. 
Examined  October  31,  1902.  For  the  past  two  months  there  had 
been  frequency  of  urination,  and  pain  and  sometimes  blood  at  the 
end  of  micturition.  The  patient  admitted  having  inserted  gum 
into  the  urethra.  Pus  and  blood  were  found  in  the  urine  in  con- 
siderable quantities.  A  diagnosis  was  made  of  stone  or  foreign 
body  in  the  bladder.  November  8,  1902,  a  suprapubic  cystotomy 
was  done  and  a  large  piece  of  chewing  gum  with  stony  incrustation 
removed. 

I  wish  particularly  to  call  attention  to  two  cases  that  are  unique 
at  least  in  some  respects.  In  both  instances  the  foreign  body  had 
evidently  passed  into  the  bladder  through  the  side  wall.  It  is  of 
interest  to  note  that  this  occurred  and  produced  so  few  symptoms. 

Case  A109,459. — J.  M.,  male,  aged  twenty-one  years.  This 
patient  came  for  examination  July  1,  1914.  Twelve  years  before 
an  open  jack-knife  had  been  thrown  at  him,  striking  his  left  hip 
just  posterior  to  the  great  trochanter.  A  large  blade  of  the  knife 
was  broken  off  and  never  found.  After  the  injury  he  was  confined 
to  his  bed  for  three  weeks.  No  trouble  since  except  slight  fre- 
quency by  day  for  a  long  time.  Twenty-one  months  before  the 
examination  he  noted  slightly  increased  frequency,  and  after  two 
weeks  for  two  days  the  urine  contained  a  few  drops  of  blood  at  the 
end  of  micturition.  The  winter  following  he  passed  urine  about 
once  at  night  and  every  hour  during  the  day.  In  the  summer  of 
1913  he  noted  smarting  in  the  urethra  after  urination.  One  year 
ago,  after  riding  horseback,  all  his  urine  was  bloody  for  a  few  days. 
On  several  occasions  he  had  noted  that  severe  jolting  caused  pain 
in  the  genitalia,  followed  by  hematuria.  For  several  months  he 
had  had  constant  hematuria  and  pain  in  the  urethra  and  perineum, 
the  urine  flowing  freely  at  times,  at  others  starting,  stopping,  and 
dribbling,  with  marked  urgency.  Three  weeks  before  coming  to 
the  clinic  he  had  had  severe  pain  for  an  hour  in  the  region  of  the  left 
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hypochondrium,  radiating  to  the  back.  This  was  accompanied  by 
nausea.  He  had  coughed  for  at  least  a  year,  sometimes  expecto- 
rating mucus  streaked  with  blood.  Occasionally  he  had  night- 
sweats.  Weight  normal.  On  physical  examination  there  was 
tenderness  per  rectum,  with  an  indefinite  mass  at  the  left,  ante- 
riorly, above  the  prostate.  A  scar  on  the  left  hip  one  inch  long, 
vertical  and  posterior  to  the  great  trochanter,  was  noted.  Specific 
gravity  of  urine,  1019;  some  albumin,  a  few  red  blood-cells,  and  a 


Fig.  1 15. — Osteomyelitis  of  the  femur.    Piece  of  bone  which  has  been  separated  lyinff  inside  the  pdvic 
cavity.     Cystoscopic  examination  showed  the  fragment  of  ix>ne  in  the^bladder. 

considerable  amount  of  pus.  Examinations  negative  for  tubercle 
bacilli  in  the  sputum  and  urine.  Roentgen  and  cystoscopic  exam- 
inations showed  a  large  stone  in  the  bladder  formed  about  a  foreign 
body  and  a  moderate  degree  of  cystitis.  On  July  10,  1914,  a  cystot- 
omy was  done  and  a  large  stone  formed  on  a  knife-blade  removed. 
The  interior  wall  of  the  bladder  was  carefully  examined,  but 
neither  wound  nor  scar  could  be  found  to  show  where  the  knife- 
blade  had  entered  (Fig.  115). 

15—24 
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Case  A71,701. — T.  B.,  male,  aged  eighteen  years.  This 
patient  was  examined  August  6,  1912.  In  1909  he  had  been  oper- 
ated on  elsewhere  for  the  removal  of  a  sequestrum  in  the  region  of 
the  left  OS  calcis.  He  was  up  and  around  at  the  end  of  two  weeks. 
At  that  time  he  had  a  great  deal  of  pain  and  tenderness  in  the  region 
of  the  left  femur.  Disturbance  of  the  bladder  was  first  noted  in 
February  or  March,  1909;  pain  in  the  bladder  occurred  just  pre- 
vious to  this.  He  stated  that  some  time  in  March,  1909,  he  had 
passed  a  piece  of  bone  through  the  urethra,  and  that  during  1910, 
1911,  and  1912  there  was  very  often  blood,  sometimes  clots,  in  his 
urine.  In  1913  he  again  passed  fragments  of  bone  with  the  urine. 
There  was  marked  atrophy  of  the  left  leg,  with  shortening  and 
fixation,  old  sinuses  of  the  left  hip  and  heel,  swelling  in  the  region  of 
the  right  hip,  small  abscess  on  the  right  forearm,  and  palpable 
cervical  and  inguinal  glands.  During  1912,  1913,  and  1914  he 
visited  the  clinic  several  times  to  have  plaster-of-Paris  casts 
applied  for  tuberculous  osteomyelitis  of  the  left  femur.  When  he 
came  for  consultation,  the  infection  had  already  extended  into  the 
hip-joint.  Roentgen  and  cystoscopic  examinations  showed  the 
shadow  of  a  detached  piece  of  bone  in  the  bladder.  Tubercle 
bacilli  could  not  be  demonstrated  either  in  urine  or  sputum.  He 
was  operated  on  September  23,  1914  (suprapubic  cystotomy),  and 
the  piece  of  bone  removed.  Examination  of  the  interior  lining  of 
the  bladder  did  not  reveal  any  scars,  nor  was  there  any  clue  as  to 
how  this  fragment  of  bone,  evidently  a  piece  of  sequestrum,  got 
into  the  bladder.  Doubtless  it  came  from  the  femur,  the  result  of 
the  old  tuberculous  osteomyelitis.  February  8,  1915,  the  patient 
wrote  that  he  was  feeling  well  and  had  gained  12  pounds.  He 
notices  that  when  he  works  hard  there  is  a  filamentous  and  string- 
like substance  in  the  urine;  at  other  times  it  is  clear. 

All  the  patients  made  uneventful  recoveries  (Fig.  116). 

A  number  of  instances  have  been  reported  (Freeman,-  Harri- 
son,' Roberts^)  in  which  objects  have  been  removed  from  the 
urinary  bladder  that  presumably  had  been  swallowed.  A  case 
somewhat  similar  to  those  I  have  reported  is  published  by  Ghose,* 
who  performed  a  lateral  cystotomy  on  a  boy  five  years  old  and 
removed  from  his  bladder  a  splinter  of  wood  which  had  been  driven 
into  his  perineum  by  a  fall  one  year  before. 

I  have  been  unable  to  find  any  parallel  to  the  manner  in  which 
the  fragment  of  bone  and  the  knife-blade  gained  entrance  to  the 
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bladder.  Considering  the  size  of  both,  it  is  absolutely  certain  that 
neither  of  them  could  have  entered  through  the  urethra.  They 
must  therefore,  have  worked  their  way  into  the  bladder  through 
the  side  wall,  and,  according  to  the  history  of  the  patient's  condi- 
tion while  this  was  taking  place,  there  certainly  could  not  have  been 
any  extravasation  or  leakage  of  the  urine.  Undoubtedly  the 
foreign  body  was  completely  walled  off  in  each  case.    The  bladder 


Fig.  110. — Large  stones  in  the  bladder  formed  around  the  blade  of  a  knife.      Blade  entered  the  blad- 
der through  the  side  wall. 

must  have  closed  as  quickly  as  the  foreign  body  passed  in.  My 
experience  with  these  cases  has  led  me  to  believe  that,  in  making 
our  diagnoses,  we  should  not  rely  too  much  on  the  history  given  by 
the  patient,  a  fatct  clearly  brought  out  by  the  roentgen  and  cysto- 
scopic  findings,  as  noted  in  this  series  of  cases.  Of  course,  the  man- 
ner in  which  some  of  the  foreign  bodies  entered  the  bladder  is  prob- 
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lematic,  but  judging  from  these  two  cases  I  think  it  may  be  assumed 
that  foreign  objects  may  pass  through  the  prevesical  tissues  and 
the  wall  of  the  bladder  into  the  bladder  without  doing  any  perma- 
nent injury  to  the  wall  or  producing  serious  symptoms  at  the  time 
they  are  passing.  At  least,  this  is  the  view  which  must  be  accepted 
until  there  is  better  proof  to  the  contrary. 
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REPAIR  OF  SMALL  VESICOVAGINAL  FISTULA* 

CHARLES    H.    MAYO 


The  fact  that  vesicovaginal  fistulse  are  less  common  than  for- 
merly is  undoubtedly  due  to  better  care  given  women  during  child- 
birth, though  the  condition  is  still  occasionally  seen  as  the  result  of 
prolonged  pressure  during  labor.  Another,  or  a  newer,  group  of 
cases  is  the  result  of  accidental  or  unavoidable  injuries  in  perform- 
ing hysterectomies. 

Vesicovaginal  fistula  is  a  most  disagreeable  and  troublesome 
infirmity  because  of  the  constant  leakage,  the  attendant  odor,  and 
the  local  irritation.  As  seen  by  the  surgeon,  these  openings,  large 
or  small,  appear  to  be  mechanically  easy  of  closure,  yet  the  experi- 
enced operator  knows  that  they  are  often  very  diflScult  to  close  and 
that  they  occasionally  require  repeated  operations.  Some  of  the 
openings  about  the  ureter  and  the  posterior  wall  of  the  bladder  with 
fistula  leading  to  the  vagina  are  best  approached  by  the  abdominal 
route,  extraperitoneally,  if  possible,  while  the  large  vaginal  fistulae 
are  best  repaired  by  free  incision  and  good  exposure,  which  is  often 
more  difficult  than  it  appears. 

There  are  many  cases  in  which  the  opening  is  so  small  as  to  be 
found  with  diflSculty.  For  such  and  for  those  with  a  lumen  not 
exceeding  a  quarter  of  an  inch  the  following  procedure  is  recom- 
mended, which  I  have  successfully  employed  in  a  number  of  cases 
during  the  last  twenty  years.  The  procedure  is  so  simple  and  so 
generally  successful  that  it  almost  partakes  of  a  "trick"  operation. 
I  am  personally  indebted  to  the  late  Dr.  Bernays  for  the  principle 
of  the  operation,  but  it  was  devised  by  Dr.  R.  F.  Amyx,  and  first 

*  Read  before  the  Western  Surgical  Association,  December  17,  1915.  Re- 
printed from  Annals  of  Surgery,  1916,  Ixiii,  106,  107. 
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performed  by  him  December  17,  1902.     It  was  demonstrated  to 
Dr.  Bernays  the  following  year  (Fig.  117). 

Operation, — ^An  incision  is  made  through  the  vaginal  mucosa, 
extending  completely  around  the  fistulous  opening  about  a  quarter 


Fig.  117. — a.  Vesicovaginal  Gstula;    6,  ioversioo  of  vesicovaginal  fistula. 


of  an  inch  or  less  from  its  margins.  The  vaginal  mucosa  is  dis- 
sected toward  the  opening,  care  being  taken  not  to  break  through 
at  the  margin.  This  makes  a  little  cup  or  funnel-shaped  opening 
projecting  into  the  vagina.     The  circular  dissection  is  carried 
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deeper  around  the  fistula,  not  approaching  nearer  than  one-eighth 
of  an  inch  to  the  margin,  its  depth  penetrating  to  the  mucosa  of  the 
bladder,  but  not  through  it.  This  leaves  a  little  bell-  or  funnel-shaped 
opening  lined  with  mucous  membrane  which  is  connected  with 
the  mucosa  of  the  bladder  and  projects  into  the  vagina  (Fig.  118) . 
A  ligature  carrier  is  passed  through  the  urethra  into  the  bladder 
and  through  the  fistula  into  the  vagina.  A  suture  is  passed  through 
both  walls  of  the  funneled  mucosa  on  each  side  of  the  ligature  car- 


Fig.  118. — ^Separation  of  vesicovaginal  fistula. 


rier.  The  two  ends  of  the  silk  suture  are  now  threaded  into  the 
ligature  carrier,  which  is  withdrawn  from  the  bladder  and  urethra. 
The  ends  of  the  suture  projecting  from  the  urethra  are  drawn  upon, 
and  with  a  little  aid  the  fistulous  tract  starts  inverting  (Fig.  119).  As 
soon  as  the  mucosa  disappears  a  circular  suture  of  fine  cliromic  catgut 
is  applied,  a  little  more  traction  is  used  on  the  ends  of  the  long  suture, 
and  a  second  purse-string  suture  of  catgut  is  applied.  The  vaginal 
side  is  now  closed  either  by  a  circular  suture  of  the  chromic  catgut 
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or  by  interrupted  sutures,  as  seems  best.  This  inversion  turns  the 
mucous  surface  into  the  bladder  and  leaves  a  healing  surface  within 
the  tube.  One  of  the  long  ends  of  the  suture  projecting  from  the 
urethra  is  re-threaded  and  by  a  needle  is  sutured  to  the  skin  of  the 
labia.  The  two  ends  are  now  tied  at  this  point,  making  slight 
traction.     A  self-retaining  catheter  (Pezzer  type)  is  inserted  into 


Fig.  119. — Method  of  iDveriiog  fistulous  tract  by  silk  sutures. 


the  bladder  and  the  patient  is  instructed  to  rest  on  her  side  or  even 
on  her  face  (Fig.  1 20) .  This  keeps  the  fistulous  area  free  from  urinar}' 
pressure.  After  four  days  it  is  necessary  carefully  to  watch  the 
catheter  that  sediment  or  phosphatic  deposit  does  not  obstruct  its 
lumen.  In  some  cases  irrigation  is  necessary.  However,  the  long 
suture  attached  to  the  inner  side  of  the  surface  of  the  fistula  and 
passing  through  the  urethra  acts  as  a  safety  valve  of  leakage  should 
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the  catheter  become  temporarily  plugged.  After  a  week  the  repair 
is  usually  solid,  but  it  is  better  to  keep  the  patient  on  her  side  or 
face  for  a  few  days  longer  that  no  undue  strain  may  be  placed  on 
the  fistulous  area,  and  during  this  time  it  is  best  to  keep  a  catheter 


Fig.  HO. — a.  Application  of  purse-striog;    b,  fistula  closed. 


in,  or  if  it  is  removed,  to  have  regular  periods  for  passing  it.  The 
suture  from  within  the  bladder  either  cuts  itself  out  with  the  slight 
traction  before  it  is  time  to  remove  the  catheter  or  it  may  be  drawn 
out  without  difficulty  by  cutting  one  side  where  it  is  attached  to  the 
skin. 


THE  TREATMENT  BY  HEAT  OF  ADVANCED 

CANCER  OF  THE  CERVIX  (PERCY'S 

METHOD)* 


DONALD    C.    BALFOUR 


The  curability  of  cancer  of  the  cervix  in  its  early  stages  com- 
pares very  favorably  with  that  of  cancer  in  any  other  situation  in 
the  body.  Rarely,  however,  is  the  disease  recognized  and  treated 
at  such  a  favorable  time;  and,  too  often,  the  process  is  so  far  ad- 
vanced that  a  radical  operation  cannot  be  done,  or  any  treatment 
instituted  which  will  offer  a  prospect  of  cure.  It  is  unfortunate 
that  a  disease  which  could  so  easily  be  detected  if  the  slight  symp- 
toms were  immediately  and  thoroughly  investigated,  and  which 
could  be  so  favorably  treated  at  its  inception,  should  carr>'  such  a 
low  percentage  of  operability.  In  this  country  an  average  of  not 
more  than  40  per  cent,  of  these  cases  reaching  the  surgeon  can  be 
considered  suitable  for  a  radical  operation.  In  Europe  a  higher 
percentage  is  claimed,  the  statistics  of  Wertheim,  Schauta,  Franz, 
and  Orde  showing  an  operability  of  45  to  50  per  cent.  Two  impor- 
tant factors  make  this  true:  First,  the  public  freely  consults  the 
large  centralized  foreign  clinics,  chiefly  as  a  result  of  an  energetic 
cancer  educational  movement  among  a  people  whose  attitude 
toward  these  free  clinics  is  very  different  from  that  existing  in  this 
country;  second,  the  greater  the  experience  of  the  individual 
surgeon  or  clinic,  the  stronger  the  inclination  to  see  in  the  border- 
line cases  possible  chances  of  cure,  so  that,  other  things  being  equal, 
the  surgeon  of  the  greatest  experience  will  find  the  highest  percen- 
tage of  operability. 

It  is  unnecessary  to  dwell  on  the  familiar  causes  on  which  the 

*  Reprinted  from  the  Journal-Lancet,  1915.  xxxv.  347-350. 
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existing  low  operability  depends.  The  insidious  nature  of  the 
disease,  the  early  symptoms  usually  appearing  at  an  age  when  the 
patient  readily  accepts  the  irregular  flow  as  incident  to  that  period 
of  her  life,  absence  of  pain  and  of  constitutional  symptoms,  and, 
unfortunately,  often  failure  on  the  part  of  the  physician  when  con- 
sulted to  make  a  careful  examination — all  of  these  factors  contrib- 
ute to  the  infrequency  with  which  cancer  of  the  cervix  is  recog- 
nized in  its  early  stages.  To  these  must  be  added  a  prevalent 
skepticism  on  the  part  of  the  laity  toward  any  operative  treatment 
— a  skepticism  born  chiefly  of  the  individual's  own  observations  of 
failures  in  the  surgical  treatment  of  advanced  cancer.  This  atti- 
tude results  in  a  "vicious  circle" — namely,  delay  until  malignancy 
is  advanced;  then  "palliative  treatment"  and  failure  to  cure;  the 
neighbor  with  early  symptoms  is  acquainted  with  the  fact  that  her 
friend  had  "cancer,"  but  not  with  the  actual  circumstances;  she, 
therefore,  has  no  faith  in  surgical  measures,  and  tries  other  treat- 
ment until  the  curable  stage  has  passed.  Sooner  or  later  more  of 
the  laity  will  realize  the  importance  of  early  investigation  of  sus- 
picious symptoms;  and  with  such  cooperation  the  surgeon  will  be 
able  to  extend  to  these  patients  a  reasonable  assurance  of  an  in- 
creasing percentage  of  cures. 

At  the  present  time  at  least  60  per  cent,  of  patients  are  appar- 
ently beyond  reasonable  hope  of  cure  when  first  seen  by  a  surgeon; 
and  in  fully  35  or  40  per  cent,  any  primary  radical  operation  is  out 
of  the  question.  It  is  this  latter  group  of  advanced  cases  only 
which  will  be  discussed  here,  for  I  believe  that  cancer  of  the  cervix 
in  its  advanced  stages  distinctly  warrants  palliative  measures. 

There  are  various  resources  at  our  command  for  affording  such 
patients  temporary  relief — for  example,  the  curet,  cautery,  acetone, 
zinc  chlorid,  and  other  escharotics,  ligation  of  the  blood  supply, 
radium,  etc.  I  have  been  prompted  by  recent  personal  experiences 
with  the  method  advocated  and  developed  by  Percy*  for  the  treat- 
ment of  these  "hopeless"  and  "inoperable"  cases  of  cancer  of  the 
cervix  to  place  on  record  my  observations  of  this  particular  treat- 
ment. 

For  many  years  heat  has  been  recognized  as  a  very  efficient 
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means  of  destroying  carcinomatous  tissue.  Byrne'  drew  attention 
to  its  efficacy  as  a  destructive  agent  of  the  cancer-cell,  and  since 
then  heat  has  been  used  to  a  considerable  extent  in  the  treatment 
of  cancer  of  various  forms  and  stages.  For  many  years  in  our 
clinic  the  cautery  has  been  a  favorite  means,  not  only  for  inhibiting 
cancer,  but  it  has  supplanted  the  knife  in  the  excision  of  certain 
circumscribed  cancers,  particularly  of  the  mouth,  bladder,  and  skin. 

In  advanced  carcinoma  of  the  cervix  the  heated  soldering-iron 
undoubtedly  has  been  of  definite  value  in  the  amelioration  of  dis- 
tressing symptoms  of  these  unfortunate  patients;  and  occasionally 
its  use  has  been  followed  by  a  surprisingly  long  abeyance  of  the 
process.  Nevertheless,  I  believe  that  the  modification  which  Percy 
has  developed,  if  properly  carried  out,  offers  the  best  opportunity 
for  the  destructive  action  of  the  heat  to  reach  the  limits  of  the 
disease,  and  that  it  possesses  distinct  advantages  over  any  other 
form  of  treatment  with  which  we  are  familiar. 

At  first  the  application  of  this  method  was  restricted  to  the 
most  advanced  cases;  but  of  late  its  unique  destructive  effect 
becoming  evident,  the  scope  of  the  treatment  has  extended,  and  it 
has  been  employed  as  the  primary  stage  to  a  secondary  total  hyster- 
ectomy in  an  occasional  so-called  "border-line"  case.  In  discuss- 
ing the  advisability  of  any  treatment  for  advanced  malignancy  of 
the  cervix,  the  patient  or  her  family  should  clearly  understand  the 
seriousness  of  the  condition;  and  they  should  especially  appreciate 
the  purpose  of  the  treatment.  In  apparently  hopeless  cases  it 
should  be  carefully  explained  that  the  object  of  surgery  is  to  relieve 
whatever  distressing  symptoms  may  be  present  and  prolong  life. 
Perhaps  in  no  other  instance  of  advanced  malignancy  is  one  able  to 
offer  such  decided  retardation  of  the  progress  of  the  disease  and 
such  complete  relief  of  symptoms.  In  those  cases  in  which  a  pri- 
mary radical  operation  is  not  possible,  but  in  which  a  total  hyster- 
ectomy may  be  advisable  later,  it  is  important  to  have  this  under- 
stood. 

Briefly,  the  basis  from  which  this  treatment  has  been  evolved 
depends  upon  the  fact  that  a  slow-heating  process  is  much  more 
efficacious  in  such  conditions  than  a  vigorous  burning.     In  his 
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various  articles  on  the  subject  Percy  has  shown  quite  conclusively 
by  experiment  that  heat  will  permeate  living  tissue  much  more 
readily  and  effectively  if  maintained  at  a  comparatively  low  degree 
for  a  long  time  than  if  a  high  degree  is  maintained  for  a  short  time. 
Referring  to  certain  advantages  in  the  instruments  devised  by 
Percy,  and  in  the  application  of  the  method,  I  should  say  that — 
( 1 )  One  may  obtain  the  best  possible  exposure  of  the  disease  with- 
out incision  by  means  of  the  vaginal  dilator;  (2)  the  water-cooled 
speculum  permits  uninterrupted  heating  of  the  malignant  area 
without  the  danger  of  burning  uninvolved  vaginal  walls  or  exter- 
nal genitals;  (3)  the  preliminary  abdominal  exploration  often  dis- 
closes important  findings;  (4)  the  hand  of  the  assistant  used  as  a 
guide  to  the  degree  of  heat,  directs  the  point  of  the  cautery  and  at 
the  same  time  supports  the  cervix  and  protects  the  bladder  and 
rectum.  Accurate  and  occasionally  valuable  information  as  to  the 
extent  of  involvement,  condition  of  the  glands,  etc.,  is  thus  ob- 
tained; and  the  assistant,  through  the  low  midline  incision,  is  able 
to  give  helpful  advice  as  to  the  intelligent  application  of  the  heat. 
The  treatment  is  practically  free  from  risk;  patients  are  up  on  the 
fifth  or  sixth  day;  convalescence  is  remarkably  comfortable;  and 
any  pain  which  may  result  is  associated  with  the  abdominal  in- 
cision, and  is  not  incident  to  the  heating. 

As  yet  I  cannot  speak  of  any  save  immediate  results,  since  we 
have  used  the  method  only  from  January  1,  1914,  to  the  present 
time  (May,  1915).  In  that  period  31  cases  of  cervical  carcinoma, 
which  were  too  far  advanced  to  permit  primary  radical  operation, 
have  been  treated.  Certain  beneficial  results  have  already  become 
quite  evident  in  this  series.  In  all  there  has  been  cessation  of 
bleeding  and  discharge  immediately  following  the  treatment,  with  a 
corresponding  improvement  in  the  general  condition,  an  improve- 
ment, of  course,  particularly  striking  where  bleeding,  sepsis,  and 
absorption  had  gone  on  to  the  point  of  emaciation.  We  have  been 
fortunate  in  being  able  to  closely  follow  the  results  of  the  treat- 
ment, the  majority  of  patients  returning  for  examination  in  six 
weeks  to  three  months;  and  we  have  repeatedly  noted  the  unique 
change  which  has  taken  place  in  the  local  manifestations  of  the 
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disease  in  these  patients.  To  find  at  this  reexamination  a  freely 
movable  uterus,  with  an  atrophic,  smooth,  clean  cervix  and  vaginal 
vault,  is  not  uncommon.  Patients  in  whom  gross  evidence  of  the 
disease  exists  after  a  thorough  initial  treatment  have  not,  except  in 
a  few  instances,  seemed  to  be  suitable  for  a  secondary  treatment; 
but  sufficient  time  has  not  yet  elapsed  for  conditions  indicating 
repetition  of  the  treatment  to  develop. 

With  our  present  limited  knowledge  of  the  scope  of  the  treat- 
ment, I  believe  that,  regardless  of  how  favorable  the  result  may 
appear  to  be,  if  it  becomes  technically  possible  and  of  sufficient 
promise  and  no  logical  contraindications  are  present,  a  secondary 
total  hysterectomy  should  be  done.  Of  the  patients  treated  by  the 
method  in  our  clinic,  a  secondary  hysterectomy  has  been  performed 
in  nine.  It  is  important  to  note  that  in  five  of  these  cases  subjected 
to  the  radical  operation,  the  pathologist,  in  careful  search  of  the 
specimens,  has  not  been  able  to  demonstrate  any  evidence  of  malig- 
nancy. Despite  this,  and  although  malignancy  may  be  destroyed 
as  far  as  can  be  determined,  with  our  uncertain  information  as  to 
the  life-history  of  cancer,  it  seems  more  rational  to  consider  such  a 
uterus  potentially  malignant. 

It  is  possible  that  in  some  of  the  patients  in  whom  the  cautery 
was  used,  and  who  later  had  a  total  hysterectomy,  a  primary  hys- 
terectomy would  have  been  possible.  We  have  found,  however, 
that  in  border-line  cases  a  preliminary  heating  process  is  of  undeni- 
able value  in  increasing  ultimate  chances  of  getting  rid  of  the 
disease.  The  destruction  of  the  cancer-cell  is  not  the  only  advan- 
tage; in  from  two  to  three  months  a  shriveled  cervix  in  a  scarred, 
firm  vaginal  vault  makes  it  possible  to  do  a  much  cleaner  and  more 
satisfactory  operation  from  a  technical  standpoint.  The  foul, 
infected  tissues  of  the  cancerous  cervix  are  sterilized,  making  the 
operation  less  exposed  to  septic  complications.  In  this  connection 
it  is  interesting  to  note  that  the  favorable,  immediate,  and,  possibly, 
ultimate  result  may  depend  to  a  considerable  extent  on  the  destruc- 
tion of  the  infected,  non-malignant  portion  of  the  disease,  whatever 
the  organism  may  be.  W^hen  it  is  realized  that  of  those  persons 
dying  from  cancer  of  the  cervix  a  relatively  small  percentage  show 
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any  e\4dence  of  metastasis,  the  disease,  being  still  a  strictly  local 
one  at  the  time  of  death,  the  role  of  the  bacterial  infection  becomes 
an  important  one. 

Percy's  writings  and  technic  have  been  followed  as  closely  as 
possible  in  carrying  out  the  method  in  our  clinic.  The  complica- 
tions have  been  vesical  fistulse,  late  secondary  hemorrhage,  and 
vaginal  grafting.  The  autogenous  grafting  of  cancer  may  readily 
occur,  as,  in  the  great  stretching  of  the  vagina,  cells  may  become 
implanted  in  the  fissures  in  the  walls.  We  have  had  three  cases  in 
which  secondary  malignancy  developed  at  the  vulva.  This  should 
be  prevented  by  introducing  into  the  vagina  several  ounces  of 
Harrington's  solution  as  the  speculum  is  withdrawn,  so  that  the 
fissures  will  be  rendered  unsuitable  soil  for  such  grafting,  and  any 
fresh  cancer-cells  present  will  be  destroyed.  In  two  cases  vesico- 
vaginal fistulse  resulted  from  the  treatment;  but  it  is  significant 
that  these  occurred  in  our  earlier  experiences.  In  both  patients  a 
total  hysterectomy  had  been  done,  recurrence  having  taken  place 
in  the  vaginal  vault  with  fixation  to  the  bladder.  At  this  time  we 
were  neglecting  the  precaution  of  opening  the  abdomen.  Since 
these  experiences  the  abdomen  has  been  opened  routinely.  Danger 
of  secondary  hemorrhage  will  be  minimized  if  the  heating  is  thor- 
oughly carried  out  for  a  suflScient  length  of  time,  and  the  internal 
iliac  arteries  are  ligated  in  the  more  advanced  cases. 

The  electric  cautery  should  not  be  used  to  the  point  of  cauter- 
ization, but  as  a  heating  instrument  only.  This  is  a  most  impor- 
tant factor  in  the  treatment.  The  rheostat  should  be  regulated  so 
there  is  never  any  charring  of  the  tissues,  since  this  acts  as  an  asbes- 
tos covering,  preventing  penetration  of  the  heat,  but  rather  a  slow- 
heating  or  cooking  process  should  be  continued  until  the  assistant's 
gloved  hand  within  the  pelvis  grasping  the  cervix  and  uterine 
body  is  made  uncomfortably  hot  (120**  F.).  It  has  been  shown 
experimentally  that  this  degree  of  heat  is  suflScient  to  kill  any 
cancer-cells.  An  hour  or  more  is  often  necessary  to  accomplish  the 
desired  object  and  to  systematically  heat  all  the  segments  of  the 
carcinomatous  mass.  This  treatment  requires  patience,  especially 
after  one  has  been  accustomed  to  the  rapid  method  of  cauterization 
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with  soldering-irons;  but,  I  believe,  the  results  more  than  com- 
pensate for  the  time  expended  and  the  results  are  more  or  less 
directly  dependent  upon  the  earnestness  of  the  eflfort. 

I  hope  later  to  publish  more  definite  results  and  details  of  indi- 
vidual cases;  but  in  the  meantime  I  desire  to  draw  attention  to  the 
method  as  one  worthy  of  conscientious  trial. 
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THE  RELATIVE  MERITS  OF  THE  OPERATIONS 
FOR  CANCER  OF  THE  UTERUS  * 

DONALD    C.    BALFOUR 


The  best  operation  for  cancer  of  the  uterus  is  the  one  which  per- 
mits the  widest  extirpation  of  the  disease  commensurate  with  the 
lowest  possible  operative  mortality,  and  the  minimization  of  im- 
mediate and  late  complications.  Unfortunately,  no  one  operation 
has  proved  so  satisfactory,  either  in  primary  or  ultimate  results,  as 
to  leave  the  treatment  of  cancer  of  the  uterus  on  a  settled  basis. 
Certain  peculiar  features  of  cancer  of  the  uterus,  and  particularly 
of  the  cervix,  in  relation  to  symptomatology,  variability  in  malig- 
nancy, and  the  role  played  by  infection  renders  important  the  intel- 
ligent utilization  of  every  known  means  to  combat  the  disease. 

Unless  further  evidence  is  more  convincing,  it  is  safe  to  assert 
that,  regardless  of  the  efficacy  of  any  treatment  of  the  cancer  in 
siiUf  an  organ  in  which  cancer  has  developed  should  be  removed,  if 
such  organ  is  of  itself  not  essential  to  life.  There  can  be  no  logical 
argument  that  the  general  surgical  principles  accepted  in  the  treat- 
ment of  cancer  in  other  regions  should  fail  to  be  applicable  to  cancer 
of  the  uterus.  It  is  true  that  in  cancer  of  the  cervix  its  anatomical 
relationship  to  the  bladder,  ureters,  and  rectum  and  its  relative 
inaccessibility  introduces  problems  which  alone  tend  to  limit  efforts 
toward  its  treatment. 

It  is  well  known  that  with  cancer  in  any  part  of  the  body,  sec- 
ondary infection  is  an  important  factor  in  the  spread  of  the  disease, 
and  consequently  in  the  immediate  and  end-results  of  the  opera- 

*  Presented  in  the  symposium  on  Cancer  of  the  Uterus,  at  the  meeting  of  the 
Clinical  Congress  of  Surgeons  of  North  America.  Reprinted  from  Surg.,  Gyn.  and 
Obstet.,  1916,  xxii.  74-79. 
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lion.  Malignant  disease  of  the  cervix  is  a  good  example  of  this 
septic  type  of  cancer,  statistics  showing  that  in  40  per  cent,  of 
persons  dying  from  cervical  cancer  no  evidence  of  metastasis  is 
found.  The  infection,  as  shown  by  Rosenow,  is  usually  strep- 
tococcic, and  any  surgical  measure  which  does  not  at  the  same  time 
sterilize  the  growth  and  the  surrounding  tissues  is  open  to  serious 
objection.  A  study  of  the  results  following  the  older  types  of  oper- 
ations for  cancer  in  any  septic  situation  shows  a  high  relative  mor- 
tality from  the  disease,  depending  as  much  on  the  degree  of  infec- 
tion as  on  any  other  factor,  and  herein  lies  the  justification  for  the 
clinical  belief  in  the  use  of  the  actual  cautery. 

Much  of  the  pessimism  in  regard  to  the  earlier  history  of  opera- 
tions for  cancer  of  the  cervix  was  due  to  the  fact  that  the  disease 
was  often  disseminated  as  a  direct  result  of  the  traumatism  of  the 
operation,  not  only  through  the  vascular  system  and  the  lymphatics, 
but  by  transplantation  to  the  operative  wound.  Autogenous  graft- 
ing as  the  result  of  mechanical  injury  is  an  important  cause  of 
recurrence  and  is  frequently  observed  in  cancer  in  various  situa- 
tions. This  possibility  must  always  be  borne  in  mind  in  carrying 
out  any  operation  for  cancer.  Undoubtedly  recurrences  have  taken 
place,  particularly  in  dealing  with  cancers  of  the  cervix,  from  failure 
to  recognize  this  fact,  the  recurrence  being  due  not  to  incomplete 
removal  of  the  disease,  but  rather  to  the  engrafting  of  cancer-cells 
on  cut  and  lacerated  surfaces. 

Of  the  various  operations  for  cancer  of  the  uterus,  there  is 
no  doubt  that  total  abdominal  hysterectomy,  as  popularized  by 
Wertheim,  is  the  most  radical  surgical  procedure  we  possess  for 
dealing  with  the  disease,  and  no  method  gives  higher  percentages 
of  permanent  cures,  especially  if  preceded  by  cautery  sterilization 
of  the  primary  lesion.  One  must,  however,  give  serious  consider- 
ation to  certain  indisputable  facts  associated  with  this  operation. 
The  primary  mortality  is  higher  (Wertheim  reports  19  per  cent.) 
than  in  any  other  method;  immediate  complications,  such  as 
ureteral  and  other  fistulae,  are  relatively  frequent  (Wertheim  re- 
ports 7  per  cent.),  while  late  complications,  such  as  pyonephrosis, 
are  not  rare.     It  is  possible  that  this  primary  mortality  can  eventu- 
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ally  be  reduced  to  less  than  10  per  cent,  by  improvement  in  surgi- 
cal technic.  The  possibility  of  fistulse  of  the  bladder,  rectum, 
ureter,  etc.,  can  also  be  greatly  minimized,  especially  if  the  practice 
is  followed  of  completely  or  nearly  closing  the  abdominal  cavity 
and  not  packing  the  pelvis  with  gauze  brought  out  through  the 
vagina.  Since  we  have  discontinued  the  use  of  gauze  in  actual 
contact  w^th  the  possibly  injured  ureter,  or  bladder,  etc.,  fistulas 
have  not  developed. 

Do  the  late  results  justify  an  operation  which  is  so  extensive  in 
its  glandular  dissection  that  serious  sequelae  are  possible,  to  say 
nothing  of  the  initial  high  mortality?  It  would  seem,  from  our 
own  statistics,  that  in  the  average  case  they  do  not,  and  that 
some  modification  of  the  Wertheim  operation  will  give  as  good 
results  with  less  risk. 

A  study  of  our  statistics  shows  that  the  results  of  vaginal  hys- 
terectomy for  cancer  of  the  cervix  by  the  old  bloody  methods  sel- 
dom permanently  cured  the  patient  and  that  when  the  clamp  and 
cautery  method  was  introduced  about  fifteen  years  ago,  there  was 
a  marked  change  for  the  better,  in  ultimate  results,  with  an  opera- 
tive mortality  well  under  5  per  cent.  A  brief  description  of  the 
operation  as  done  in  our  clinic  may  not  be  amiss. 

The  cancer,  when  situated  in  the  cervix,  is  first  destroyed  by  the 
cautery,  and  then  a  dissection  made  with  the  Paquelin  cautery 
knife  through  the  vagina  and  perimetric  tissues,  the  separation  of 
the  bladder  by  gauze  dissection  being  the  only  part  of  the  operation 
which  is  not  done  with  the  cautery.  If  the  fundus  of  the  uterus  is 
drawn  out  anteriorly  before  clamps  are  placed  and  the  clamps 
appUed  from  above  down,  injuries  to  the  bladder  and  ureter  do  not 
occur.  After  removing  the  uterus  in  this  manner,  the  tissues  in  the 
bite  of  the  clamps  and  the  clamps  themselves  are  thoroughly 
heated.  The  clamps  are  left  on  forty-eight  hours  and  unlocked  at 
least  ten  hours  before  removal.  The  iodoform  gauze  which  has 
been  packed  lightly  into  the  space  between  the  clamps  is  left  undis- 
turbed for  six  or  seven  days.  This  operation  has  given  as  good 
results  under  similar  conditions  as  have  been  obtained  from  total 
abdominal  hysterectomy  and  with  a  lower  operative  mortality. 
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It  is  especially  applicable  to  elderly  and  obese  patients  and  to  those 
who,  for  any  other  reason,  are  poor  surgical  risks. 

The  development  of  cancer  may  be  described  as  progressive 
transplantation  into  the  tissues.  Experimentally,  it  has  been 
shown  that  cancer-cells  are  less  resistant  to  heat  than  normal  cells 
and  that  heat  prevents  successful  transplantation;  therefore  the 
tissues  to  as  great  a  distance  as  possible  from  the  local  lesion  should 
be  heated  to  a  point  which  will  prevent  the  progress  of  the  disease. 
The  heat  must  be  applied  slowly  for  at  least  one  hour. 

Percy  has  developed  a  method  which  derives  the  full  value  of 
this  agent  in  the  treatment  of  cancer  of  the  cerv'ix.  I  became  inter- 
ested in  this  method  about  two  years  ago,  and  from  experience  in 
more  than  one  hundred  cases  am  convinced  of  its  great  value.  Its 
essential  and  advantageous  features  are:  (1)  The  slow  heating 
process;  (2)  the  abdomen  always  open;  (3)  the  gloved  hand  of  an 
assistant  in  the  abdomen  indicating  the  effectiveness  of  the  heating 
process,  and  (4)  the  water-cooled  speculum.  The  method  un- 
doubtedly offers  more  to  the  patient  with  advanced  cancer  of  the 
cervix  than  any  treatment  with  which  we  are  familiar.  Its  \'Blue 
is  so  definite  in  the  advanced  stages  that  serious  consideration  must 
be  given  its  possibilities  in  the  earlier  stages  of  the  disease. 

Recently,  in  several  of  our  cases  of  advanced  cancer  of  the  cer- 
vix, the  Percy  treatment  has  been  accompanied  by  ligation  of  both 
internal  iliacs.  The  ultimate  benefits  of  this  procedure  cannot  yet 
be  foretold.  Attention  should  be  drawn  to  the  fact  that  in  stretch- 
ing the  vaginal  tissues  in  order  to  use  large  specula,  secondary' 
carcinomatous  nodules  may  develop  in  the  vagina  and  about  the 
vulva.  This  occurred  in  four  of  our  cases,  evidently  due  to  trans- 
plantation into  fissures  produced  by  the  stretching.  We  are 
now  careful,  after  any  operation  through  the  vagina,  to  remove 
any  particles  by  irrigation  and  then  swab  out  the  vagina  and 
fissures  with  Harrington's  solution  or  tincture  of  iodin  to  dis- 
courage the  occurrence  of  such  unnecessary  and  unfortunate 
sequelae. 

For  the  moderately  advanced  cancer  of  the  cervix,  the  advan- 
tages of  a  two-stage  operation  have  gradually  become  apparent. 


OPERATIONS  FOR  CANCER  OF  UTERUS  389 

First,  treatment  by  heat  (Percy  method),  as  in  the  inoperable  cases, 
and  conducted  as  though  no  further  operation  would  be  necessary; 
second,  a  total  abdominal  hysterectomy  some  weeks  later.  It  has 
been  interesting  to  note  that  of  16  such  patients  operated  on  in  our 
clinic,  although  in  three  cancer-cells  were  still  present,  in  13  there 
were  no  macroscopic  or  microscopic  evidences  of  the  original  dis- 
ease. Regardless  of  this  fact,  other  things  being  equal,  I  believe 
that  the  uterus  should  be  removed.  Although  the  results  following 
the  clamp  and  cautery  operation  were  relatively  excellent,  the  two- 
stage  operation  offers  distinct  advantages  and  we  are  employing  it 
more  and  more  frequently.  For  cancer  of  the  body  of  the  uterus 
total  abdominal  hysterectomy  is  the  operation  of  choice;  vaginal 
hysterectomy  being  employed  only  when,  because  of  the  poor  surgi- 
cal risk,  such  a  route  possesses  positive  factors  of  safety. 

In  the  so-called  "inoperable"  cases,  heat  with  ligation  of  the 
blood-supply  limits  the  progress  of  the  disease,  stops  bleeding  and 
discharge,  improves  the  patients'  health  temporarily,  and  occasion- 
ally converts  what  is  apparently  quite  a  hopeless  inoperable  condi- 
tion into  an  operable  condition.  Our  experience  with  the  Coolidge 
tube  and  with  radium  has  not  been  sufficient  to  justify  an  opinion 
as  to  the  permanency  of  cure,  but  in  the  few  cases  observed,  extra- 
ordinary benefit  has  been  derived. 

Sunmiary  of  the  present  status  of  operative  procedures  for 
cancer  of  the  uterus  in  oiu:  clinic: 

1.  Patients  with  cancer  of  the  cervix  not  too  far  advanced  and 
who  are  good  surgical  risks  should  be  treated  by  thorough  cautery 
sterilization  of  the  local  disease  in  the  cervix,  and  total  abdominal 
hysterectomy  of  the  Wertheim  type. 

2.  When  cancer  is  confined  to  the  cervix,  the  vaginal  outlet 
fairly  lax,  and  the  patient  is  a  poor  surgical  risk,  i,  e.,  obese,  with 
cardiorenal  disease,  etc.,  the  preferred  treatment  is  the  clamp  and 
cautery  vaginal  hysterectomy. 

3.  In  the  more  advanced  stages  of  the  disease,  if  the  patient  is 
a  good  surgical  risk,  the  two-stage  operation  should  be  done,  i.  e., 
the  Percy  method  of  tissue  coagulation  by  heat,  iollowed  after 
some  weeks  by  total  abdominal  hysterectomy.     If  the  patient  is 
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a  poor  surgical  risk  the  Percy  method  should  be  applied,  but  the 
abdominal  hysterectomy  should  be  considered  on  its  merits  in  the 
individual  case. 

4.  In  most  instances  in  cancer  of  the  body  of  the  uterus  a  total 
abdominal  hysterectomy  should  be  done.  In  the  small  minority  of 
patients  with  cancer  of  the  body  of  the  uterus  who  are  poor  surgical 
risks,  clamp  and  cautery  vaginal  hysterectomy  may  be  indicated. 

The  foregoing  observations  are  based  on  a  review  of  634  cases  of 
cancer  of  the  uterus  operated  on  in  our  clinic  during  the  past  ten 
years.  A  detailed  history  of  these,  with  the  ultimate  results,  will 
be  published  later. 
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THE  ISOLATION  IN  CRYSTALLINE  FORM 
OF  THE  COMPOUND  CONTAINING  lODIN 
WHICH  OCCURS  IN  THE  THYROID;  ITS 
CHEMICAL  NATURE  AND  PHYSIOLOGIC 
ACTIVITY  * 

EDWARD    C.    KENDALL 


Previous  investigation  has  shown  that  the  thyroid  exerts 
marked  physiologic  activity  when  administered  to  the  normal 
animal  and  man,  and  that  the  removal  of  the  gland  is  followed  by 
profound  changes.  The  extremes  of  thyroid  disturbance  are  seen 
in  the  two  syndromes,  exophthalmic  goiter  and  myxedema.  Be- 
tween these  extremes  are  many  indefinite  or  border-line  conditions, 
so  that  thyroid  disturbances  present  a  confusing  mass  of  evidence 
which  is  not  easily  diagnosed  or  classified.  Clinically,  the  cases 
have  been  classified  and  a  basis  of  diagnosis  established.  Much 
light  has  been  thrown  on  the  progress  of  the  disease  of  exophthalmic 
goiter,  and  the  physiologic  properties  of  the  toxic  substance  re- 
sponsible for  the  symptoms  have  been  described  (Plummer^). 

From  clinical  observations  the  thyroid  has  been  supposed  to 
have  a  secretion  which  contains  a  substance  or  substances  capable 
of  producing  certain  physiologic  activity.  But  the  acceptance  of 
such  a  theory  in  itself  erects  a  barrier  beyond  which  the  clinician 
cannot  go.  The  only  passage  of  that  barrier  is  a  method  which  will 
unlock  the  constituents  of  the  thyroid  secretion  and  separate  the 
active  substances  in  pure  form.    Definite  conclusions  cannot  be 

*  From  the  laboratories  of  St.  Luke's  Hospital,  New  York,  and  the  Mayo 
Clinic,  Rochester,  Minnesota.  Reprinted  from  the  Trans,  of  the  Association  of 
Amer.  Physicians,  1915. 
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arrived  at  as  long  as  these  substances  are  known  only  by  the  sj'-mp- 
toms  produced  by  their  presence  or  absence  (Wilson 2).* 

What  is  the  substance  in  the  thyroid  that  produces  toxic  symp- 
toms? What  is  the  relation  of  iodin  to  thyroid  activity?  Is  the 
iodin  in  the  gland  present  in  a  hitherto  unknown  substance  specific 
for  the  thyroid?  What  is  the  compound  in  the  thyroid  essential 
for  normal  life?  Does  the  thyroid  secretion  contain  more  than  one 
active  constituent?  Can  the  active  substance  or  substances  be 
separated  from  the  gland  in  pure  form  and  retain  their  activity? 
These  and  many  more  problems  can  be  answered  only  by  separation 
in  pure  forms  of  the  substances  in  question,  and  by  investigation  of 
their  physiologic  activity. 

Attempts  to  isolate  the  active  principle  have  resulted  in  prepa- 
rations which  may  be  divided  into  two  classes:  (1)  Those  secured 
by  separation  of  products  of  protein  nature  without  decomposition 
or  destruction  of  the  protein  molecule,  and  (2)  those  obtained  by 
means  of  hydrolysis  of  the  protein  and  the  subsequent  separation  of 
the  decomposition  products.  In  the  first  class  of  prejmrations  are 
Oswald's'  thyroglobulin  and  iodin-free  nucleoprotein.  Other  in- 
vestigators have  prepared  similar  proteins  from  the  thyroid.  These 
products,  which  are  original  protein  compounds  unchanged  in 
chemical  nature,  still  retain  their  activity,  as  shown  in  the  treat- 
ment of  symptoms  of  cretinism  and  myxedema.  In  the  second 
class  of  preparations,  Baumann's^  iodothyrin,  containing  about  9 
per  cent,  of  iodin,  is  the  result  of  decomposition  of  the  proteins  with 
sulphuric  acid.  The  iodothyrin  so  obtained  is  about  4  per  cent,  of 
the  total  weight  of  the  dried  thyroid.  Other  decomposition  prod- 
ucts have  been  obtained  by  Hutchinson  ^  working  with  pepsin  and 
trypsin  on  the  thyroid  proteins.  Hutchinson  separated  in  this  way 
a  product  containing  3.6  per  cent,  of  iodin. 

Another  means  of  throwing  light  on  the  nature  of  the  iodin  com- 
pound has  been  to  prepare  various  iodin  compounds  and  test  the 
physiologic  activity  of  these.     Di-iodotyrosin,  tetra-iodohistidin, 

*  No  comprehensive  review  of  the  clinical  and  pathologic  aspects  of  th>'roid 
disturbance  is  attempted  in  this  paper.  For  discussion  of  these  and  a  presentation 
of  the  views  held  in  our  clinic  reference  is  made  to  Wilson's  article  under  reference  <2. 
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tri-iodo-imidazol,  iodized  tryptophan,  and  iodiz^  phenylalanin 
and  other  organic  compounds  have  been  tested  in  this  way,  but  no 
compound  has  been  found  which  produces  effects  similar  to  those 
of  desiccated  thyroid. 

This  paper  contains  a  summary  of  an  investigation  of  the  chem- 
ical constituents  of  the  thyroid,  which  has  been  carried  on  during 
the  past  six  years.  The  object  of  the  work  was  to  isolate  in  pure 
form  one  or  more  chemical  compounds  which  possess  physiologic 
activity. 

Dialysis  was  used  as  a  preliminary  study  of  the  proteins  of  the 
gland  and  the  nature  of  iodin  combination.  Desiccated  thyroid, 
either  in  suspension  or  dissolved  in  dilute  alkali,  was  found  to  lose 
less  than  5  per  cent,  of  its  total  iodin  by  dialysis  in  a  collodion  sac 
against  running  water.  Experiments  were  then  made,  varying  the 
temperature  and  acidity  of  the  dialysate.  These  results  showed 
that  increase  in  temperature  and  acidity  favored  dialysis  of  the 
iodin  compound,  and  as  much  as  40  per  cent,  could  be  made  to  pass 
through  the  sac  in  this  way.  Attempts  were  then  made  to  alter 
the  nature  of  the  proteins  to  see  the  attending  influence  on  dialysis 
of  the  iodin.  Boiling  in  strong  sodium  hydroxid  allowed  80  per 
cent,  of  the  iodin  to  pass  the  dialyzing  sac.  Boiling  with  sodium 
hydroxid  and  hydrogen  dioxid  allowed  90  per  cent,  to  pass. 

These  results  showed  a  decomposition  of  the  protein  and  a  prob- 
able splitting  .off  of  iodin  in  the  inorganic  form.  As  such  vigorous 
treatment  would  undoubtedly  destroy  physiologic  activity,  further 
experiments  were  conducted  to  find  some  treatment  which  would 
break  down  the  complex  proteins  into  simpler  products  without 
destruction  of  the  compounds  so  obtained.  Alcohol  was  tried  as  a 
medium  for  the  carrying  out  of  such  treatment.  Alcohol  saturated 
with  hydrochloric  acid  gas  was  tried  as  a  hydrolytic  agent,  but 
no  satisfactory  cleavage  resulted  from  its  use.  Hydrolysis  with 
sodium  hydroxid  in  alcohol  was  then  tried,  and  it  was  found  that 
this  method  produced  a  cleavage  different  from  any  of  the  others. 
Seventy-five  per  cent,  of  the  iodin  was  dialyzable,  but  it  was  easily 
shown  that  the  iodin  was  not  split  off  as  sodium  iodid,  but  still 
existed  in  organic  combination.     After  it  was  shown  that  sodium 


396  EDWARD  C.  KENDALL 

hydroxid  in  alcohol  altered  the  nature  of  the  protein  to  a  marked 
degree,  dialysis,  as  a  criterion  of  the  nature  of  the  iodin  combina- 
tion, was  discontinued,  and  a  detailed  study  of  the  chemical  prop- 
erties of  these  products  of  hydrolysis  was  begun. 

No  specific  precipitant  was  found  for  the  iodin  compound  in 
either  an  alcoholic  or  aqueous  solution.  After  many  attempts  to 
find  such  a  reagent  it  became  apparent  that  the  iodin  was  present 
in  two  different  forms  of  organic  combination.  About  50  per  cent, 
of  the  total  iodin  was  soluble  in  acid  and  50  per  cent,  was  insoluble. 
As  the  solubility  in  acids  effected  a  separation  between  the  two 
apparently  different  iodin  compounds,  this  treatment  was  used  as 
the  first  step  in  the  separation  of  the  products  of  hydrolysis.  Those 
compounds  insoluble  in  acid  are  designated  constituents  of  Group 
A,  and  those  soluble,  constituents  of  Group  B. 

All  the  constituents  of  Group  B  are  easily  dialyzable.  Satura- 
tion of  a  solution  of  B  with  ammonium  sulphate  produces  a  sticky, 
tarry  precipitate  which  evidently  consists  of  amino-acid  complexes 
and  carries  down  with  it  about  80  per  cent,  of  the  iodin  in  B,  show- 
ing that  it  is  still  present  in  organic  combination. 

The  iodin  compound  in  B  is  precipitated  to  a  large  extent  with 
mercury  sulphate,  and  almost  quantitatively  with  silver  sulphate 
in  the  presence  of  magnesium  oxid.  A  large  percentage  of  the 
iodin  is  split  off  by  this  treatment.  Oxidizing  agents,  even  copper 
acetate,  also  easily  split  off  the  iodin  from  its  organic,  combination. 

After  establishing  the  general  chemical  properties  of  Group  B, 
efforts  were  directed  to  a  more  extended  study  of  Group  A.  The 
most  striking  chemical  property  of  A  is  its  acidic  nature.  All  the 
constituents  of  A  are  easily  soluble  in  dilute  alkali  or  ammonia, 
and  are  reprecipitated  by  any  acid  stronger  than  carbonic  acid. 

Experiments  with  organic  solvents  showed  that  uncombined 
sulphur,  fatty  acids,  and  about  10  per  cent,  of  the  iodin  in  A  is 
soluble  in  ether.  The  fatty  acids  doubtless  came  from  the  fats 
which  were  saponified  by  the  alkaline  alcohol  and  the  sulphur  prob- 
ably resulted  from  the  decomposition  of  cystin.  Further  experi- 
ments showed  that  the  solubility  of  the  iodin  in  organic  solvents 
varies  greatly,  it  being  least  soluble  in  petroleum  ether.     The  sec- 
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ond  step,  therefore,  for  the  purification  of  A  is  the  removal  of  fatty 
acids  and  sulphur  by  extraction  with  petroleum  ether.  The  prod- 
uct thus  obtained  contains  about  4  per  cent,  of  iodin,  and  this 
preparation  may  be  dissolved  in  alkali  and  reprecipitated  with  acids 
without  appreciable  loss  of  its  total  iodin.  This  treatment  slowly 
removes  some  constituents  containing  nitrogen  but  no  iodin,  so 
that  the  percentage  of  iodin  in  A  may  thus  be  increased  to  about  6 
per  cent. 

This  preparation  is  a  dark-brown  powder,  insoluble  in  water  and 
acids,  easily  soluble  in  dilute  alkali  and  ammonia.  Its  alkaline 
solution  is  precipitated  by  copper  hydroxid  and  to  a  large  extent  by 
barium,  calcium,  and  magnesium  salts.  It  is  almost  entirely 
soluble  in  ethyl  acetate,  but  by  partial  extraction  with  this  solvent 
it  is  possible  to  separate  A  into  two  fractions.  In  the  ethyl  acetate 
soluble  portion  of  A  the  percentage  of  iodin  may  be  increased  to  13 
or  14  per  cent.,  the  ethyl  acetate  insoluble  fraction  containing  only 
1.5  per  cent,  iodin. 

Except  for  the  solubility  in  ether,  the  general  chemical  proper- 
ties of  A  closely  resemble  those  of  a  fatty  acid.  By  further  hydroly- 
sis of  the  A  group  the  compound  containing  iodin  has  been  sepa- 
rated in  pure  crystalline  form.  The  details  of  this  separation  will 
not  be  given  at  this  time,  but  the  reactions  upon  which  the  method 
is  based  are  as  follows:  (1)  The  compound  is  stable  in  the  presence 
of  sodium  hydroxid  in  aqueous  and  alcoholic  solutions;  (2)  it  is 
exceedingly  insoluble  in  all  acids,  including  carbonic  acid;  (3)  its 
barium  salt  is  soluble,  which  gives  a  separation  from  fatty  acids  and 
other  impurities;  (4)  it  is  insoluble  in  alcohol  in  the  presence  of 
sodium  acetate;  (5)  it  may  be  precipitated  by  boiling  its  ammoni- 
acal  solutions.  Its  exact  formula  cannot  now  be  stated,  but  it 
appears  to  be  di-iodo-indol  carboxylic  acid.  It  crystallizes  in  mi- 
croscopic needles  that  melt  at  about  220°  C.  It  is  very  insoluble 
in  alcohol,  ether,  water,  acids,  and  sodium  carbonate.  Dilute  hy- 
drochloric acid  dissolved  1  part  in  about  200,000.  It  is  readily  sol- 
uble in  dilute  alkali  and  ammonia  (Fig.  121). 

The  thyroid  having  been  separated  into  several  different  con- 
stituents, it  seemed   desirable  to  test  each  one  for  its  possible 
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physiologic  activity.  These  preparations  were  first  tested  with 
normal  dogs  kept  in  metabolism  cages.  Administration  of  Group 
B  constituents  by  mouth  or  by  subcutaneous  or  intravenous  injec- 
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tion  produced  no  apparent  effect  on  the  temperature,  blood-pres- 
sure, pulse-rate,  nitrogen  balance,  or  weight.  Administration  of 
Group  A  constituents  by  mouth  or  subcutaneous  injection  produced 
the  typical  so-called  hyperthyroid  symptoms:  increase  in  pulse- 
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rate,  slight  increase  in  temperature,  marked  increase  in  nitrogen 
elimination,  with  loss  of  weight,  increase  in  nervous  irritability, 
and  tremor. 

These  results  showed  that  the  toxic  symptoms  following  admin- 
istration of  the  gland  can  be  produced  by  a  small  group  of  constitu- 
ents which  amount  to  only  4  to  5  per  cent,  by  weight  of  the  desic- 
cated thyroid. 

Further  investigations  concerning  the  injection  of  Group  A  con- 
stituents were  carried  out  on  a  large  number  of  dogs  under  varying 
conditions.  A  typical  result  is  as  follows:  Weight  of  dog,  10  kilos; 
pulse-rate  during  previous  ten  days,  90;  200  mgin.  of  A  used  for 
each  injection.  Following  the  injection  there  is  no  immediate 
effect  on  the  temperature,  pulse-rate,  or  blood-pressure,  and 
twenty-four  hours  after  the  injection  there  is  still  no  apparent 
change.  The  substance  injected  seems  to  be  inert,  but  at  this  time 
another  injection  of  200  mgm.  is  given  and  the  observations  con- 
tinued. From  thirty-six  to  forty-eight  hours  after  the  first  injec- 
tion the  dog  appears  restless,  the  temperature  is  slightly  increased, 
and  the  pulse-rate  has  reached  120.  The  observations  and  daily 
injections  are  continued.  On  the  fourth  or  fifth  day  the  dog  is  in  a 
highly  nervous  condition,  restless,  with  tremor,  and  there  is  gen- 
erally severe  diarrhea;  the  pulse-rate  is  between  200  and  250. 
Beside  the  high  rate,  the  pulse  has  changed  its  character,  becoming 
hard  and  hammer-like,  with  spasms  of  tachycardia.  Although  the 
daily  injections  are  continued  at  this  time,  the  dog  rapidly  becomes 
better,  the  pulse-rate  decreases  to  about  120,  and  the  hard,  pound- 
ing effect  disappears.  If  the  injections  are  now  stopped,  the  dog 
returns  to  normal,  the  pulse-rate  even  dropping  to  68  to  70  in  some 
cases. 

Nature  of  the  Toxic  Compound. — Having  shown  that  toxic 
effects  are  produced  by  a  certain  group  of  constituents  of  the 
thyroid,  attempts  were  made  to  determine  the  chemical  nature  and 
to  isolate  in  pure  form  the  toxic  substance  contained  in  this  group 
of  compounds. 

The  presence  of  iodin  as  a  normal  constituent  of  the  thyroid  has 
been  known  for  twenty  years.*    During  this  time  many  contro- 
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versies  have  arisen  out  of  attempts  to  explain  the  relation  between 
the  physiologic  activity  and  the  presence  of  iodin  J*  ^  ^  ^^  "•  i*»  " 
From  the  beginning  of  this  investigation  the  isolation  of  the  com- 
pound containing  iodin  was  held  as  the  main  objective,  hence  the 
iodin  content  of  the  various  preparations  of  the  A  constituents  was 
always  determined. 

By  the  use  of  A  made  from  beef,  hog,  sheep,  and  pathologic  \ 

human  thyroid  it  was  readily  shown  that  the  toxicity  of  A  is 
directly  proportional  to  its  iodin  content.     By  extracting  A,  con- 
taining about  5  per  cent,  of  iodin,  with  ethyl  acetate,  it  was  frac-  I 
tioned  into  two  parts :  one  containing  about  9  per  cent,  of  iodin  and  i 
the  other  1.5  per  cent.;  but,  taking  iodin  as  the  standard  and  the 
effect  on  the  pulse-rate  as  the  criterion,  both  these  preparations 
produced  toxic  effects.     This  indicated  that  the  active  substance  in  j 
each  case  was  the  compound  containing  iodin,  and  that  this  sub- 
stance was  combined  differently  in  the  two  preparations. 

The  toxic  effects  of  A  were  first  produced  by  preparations  con-  i 

taining  from  4  to  5  per  cent,  of  iodin.     Later  the  A  constituents  j 

were  further  broken  down  and  a  purer  form,  containing  25  per  cent, 
iodin,  was  obtained.     Injection  of  this  under  the  same  conditions,  < 

using  iodin  as  the  standard,  produced  the  typical  effects.  j 

Finally,  the  iodin-containing  compound  was  isolated  in  pure 
crystalline  form  having  a  constant  iodin  content  of  60  per  cent. 
These  pure  white  crystals,  used  in  amount  equivalent  to  previous 
injections,  keeping  A  iodin  as  the  standard,  produced  the  tj'pical 
symptoms  with  the  same  severity.  We  can,  therefore,  conclude 
that  the  substance  in  the  thyroid  responsible  for  the  production  of 
toxic  symptoms  is  the  compound  containing  A  iodin,  and  that  this 
compoimd  can  be  separated  in  pure  crystalline  form  without  loss  of 
its  activity  (Fig.  122). 

To  determine  whether  the  sudden  improvement  in  the  general 
condition  following  a  series  of  injections  of  A  resulted  from  the 
development  of  a  tolerance  to  the  A  compound,  a  dog  was  injected 
until  in  a  highly  toxic  condition,  and  was  then  allowed  to  return  to 
normal.  To  a  second  dog  two  series  of  injections  were  given,  the 
second  series  being  precisely  similar  to  the  first.     Under  the  effect 
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of  the  second  series  the  dog  lost  weight,  had  severe  diarrhea,  became 
nervous,  and  appeared  to  react  as  severely  as  during  the  first  series, 
except  in  regard  to  the  pulse-rate.  At  no  time  was  the  rate  as  high, 
and  it  did  not  develop  the  hard,  pounding  property  to  such  a  degree. 
The  other  symptoms  followed  much  the  same  course  as  during  the 
first  series.  To  a  third  dog  three  series  of  injections  were  given, 
the  pre\4ous  conditions  being  observed.     Again,  the  dog  reacted  as 


Fig.  Hi. — Crystnls  of  the  iodin-containiDg  compouDd  which  occurM  in  the  thyroid. 


before,  but  after  the  third  series  appeared  less  capable  of  throwing 
off  the  toxic  effects.  While  the  pulse-rate  was  not  high,  there  were 
spasms  of  tachycardia  when  the  rate  reached  280  to  300;  but  when 
quiet  and  not  under  excitement,  the  rate  was  about  150. 

These  and  other  results  indicate  that  the  A  iodin  compound 
does  not  work  in  a  rapid  and  direct  manner,  and  that  some  form  of 
tolerance  is  produced.  Further  experiments  are  being  carried  out 
to  explain  more  fully  the  factors  involved. 

'15—26 


402  EDWARD  C.  KENDALL 

Therapeutic  Effects  of  A  and  B  in  Man. — The  physiologic 
results  on  dogs  established  the  general  toxicity  of  A  and  the  non- 
toxic effect  of  B  sufficiently  to  warrant  the  use  of  these  preparations 
for  therapeutic  purposes  in  cases  of  thyroid  disturbance,  and  during 
the  past  three  years  many  patients  have  been  treated. 

As  repeated  injections  over  long  periods  are  impracticable  in 
man,  the  split  products  were  always  given  by  mouth.  The  results 
obtained  may  be  briefly  stated  to  be  entirely  in  accord  with  the  pre- 
liminary tests  on  dogs.  No  toxic  effects  have  ever  been  produced 
by  the  B  constituents,  although  more  than  200  patients  have  been 
treated;  but  the  A  constituents,  even  in  small  amounts,  produce 
toxic  effects. 

The  severity  of  the  toxic  effects  following  administration  of  A  to 
normal  individuals  varies  greatly,  but  in  general  it  is  as  follows:  If 
to  a  normal  individual  with  a  pulse-rate  of  about  75  and  a  weight  of 
about  75  kilos  sufficient  A  is  given  per  day  to  contain  3  mgm.  of  A 
iodin,  on  the  day  following  the  first  dose  there  is  no  apparent  change 
except  a  slightly  increased  pulse-rate.  If  the  same  daily  dose  is 
continued,  the  patient  slowly  reacts,  and  in  the  course  of  eight  or 
ten  days  nervous  symptoms  develop,  the  pulse- rate  is  around  130 
to  140,  there  is  a  tendency  to  perspire  more  freely  on  exertion,  and 
the  patient  may  be  short  of  breath  and  easily  tired.  At  first  there 
is  an  increased  appetite,  but  later  loss  of  appetite,  nausea,  and 
sometimes  diarrhea  develop.  During  this  time  the  patient  usually 
loses  weight — from  1  to  5  kilos  (idiosyncrasy  ?).  If  smaller  doses 
are  given,  the  severity  and  course  of  symptoms  are  modified,  but 
the  patient  will  react  to  ver>'^  small  amounts  of  A.  If  large  doses 
are  given,  there  results  a  serious  condition  in  which  the  above  symp- 
toms are  exaggerated. 

As  in  the  tests  on  animals,  the  therapeutic  results  on  the  human 
being  were  first  obtained  with  preparations  of  A  containing  about 
4  to  5  per  cent,  of  iodin.  Later  they  were  repeated,  using  the  purer 
form  of  the  compound  that  contained  25  per  cent,  of  iodin,  and, 
finally,  the  typical  effects  with  the  same  severity  were  obtained  by 
using  the  pure  crystalline  compound  containing  60  per  cent,  of 
iodin. 
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These  results  brought  out  a  great  difference  in  the  sensitivenes 
of  dog  and  man  to  the  toxic  iodin  compound.  To  produce  effects 
in  dogs,  about  1  mgm.  of  A  iodin  per  kilogram  weight  of  dog  is  re- 
quired for  a  daily  dose.  In  the  human  being  severe  symptoms  fol- 
low the  administration  of  as  little  as  tV  to  ^V  of  1  mgm.  per  body 
weight  per  day.  Furthermore,  the  nervous  system  seems  to  res- 
pond much  more  quickly  and  strongly  in  the  human  being  than  in 
the  dog.  Why  the  minimum  dose  required  to  produce  toxic  effects 
in  people  varies  greatly  is  now  being  investigated. 


Fif.  1«S. — Cardiofn'am  of  norniAl  man  on  entering  clinic.    Pnlse-ratr.  75.  Body  resistance:  first  leaH, 
5000  ohms:   secooH  lead,  7000  ohmK;   third  lead.  7000  ohms. 

In  this  connection  it  is  interesting  to  recall  the  argument  put 
forward  that  the  iodin  compound  in  the  thyroid  was  not  necessary 
for  physiologic  activity,  as  the  thyroid  of  the  fetus  and  infants  con- 
tains little  or  no  iodin, ^'*  "  a  point  which  has  been  well  reviewed  by 
Hunt.'  Fenger***  has  recently  shown  that,  with  proper  technic,  the 
presence  of  iodin  can  be  demonstrated  in  the  thyroid  of  the  fetus, 
and  the  results  reported  in  this  paper  show  why  so  little  is  present. 
If  a  daily  dose  of  J^  of  1  mgm.  is  too  much  for  a  seven-year-old 
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cretin  weighing  20  kilos,  it  is  readily  seen  that  the  thyroid  of  a  3  to 
5  kilos  fetus  need  not  contain  a  very  large  amount  of  iodin  to  main- 
tain the  normal  function  of  the  gland. 

In  addition  to  observations  on  the  pulse-rate  and  general  con- 
dition, electrocardiograms  were  taken  of  several  cases.  The  results 
obtained  were  very  marked  and  surprising,  and  while  the  number 
of  cases  is  not  large,  they  seem  to  justify  a  preliminary  reix)rt  at 
this  time. 


Tiff.  194 — Cardiof^am  of  same  patient  after  taking  A-iodin  for  two  days.   Daily  dose,  3  mi^ni.  Pulse- 
rate.  90.    Body  resistance:  first  lead.  6900  ohms;  second  lead,  5900  ohms;  third  lead.  6900  ohms. 

In  every  case  there  was  a  change  which  appeared  by  slow  and 
regular  steps,  so  that  a  series  taken  on  fourteen  or  twenty -one  suc- 
cessive days  showed  a  great  difference  between  the  first  and  last, 
but  the  change  between  any  two  days  was  hardly  noticeable. 

The  following  three  cardiograms  shoA\'n  were  taken  with  the  fiber 
standardized  to  such  a  tension  that  1  millivolt  tension  produced  a 
change  of  1  cm.,  the  patient  being  in  circuit.  The  resistance  of  the 
patient  was  determined  in  every  case.  These  three  cardiograms, 
which  are  from  a  series  of  18  taken  on  successive  days,  indicate  that 
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still,  under  these  conditions,  there  are  changes  in  the  various  waves  of 
the  cardiogram  as  well  as  in  the  pulse-rate.  A  more  detailed  study 
of  these  changes  is  now  being  carried  out  (Figs.  123,  124,  and  125). 
Effect  of  A  and  B  on  Growth  and  Mental  Activity. — It 
has  long  been  known  that  the  growth  of  cretins  is  materially  in- 
fluenced by  administration  of  desiccated  thyroid.  It  was  therefore 
interesting  to  determine  the  effects  of  A  and  B  in  this  respect.  A 
cretin,  aged  nine  years,  weight  16.8  kilos,  height  93  cm.,  was  given 


F'lg.  1*5. — Cardiof^am  of  same  i>atient  after  takinfr  A-iodin  for  two  weeks.  Total  amount  taken, 
61  mgm.  PuUe-rate,  144.  Body  resistance:  first  lead,  050  ohms;  second  lead,  2500  ohms;  third  lead, 
W50  ohms. 

B  alone  for  ten  weeks.  Observations  on  her  pulse -rate,  weight,  and 
height  showed  no  appreciable  change  during  this  period,  although 
certain  other  conditions,  which  are  discussed  later,  were  relieved. 
At  the  end  of  the  ten  weeks  a  small  amount  of  A  (0.5  mgm.  A-iodin) 
was  included  in  the  daily  dose.  As  there  was  a  rapid  response,  the 
pulse-rate  increasing  to  140,  the  dose  was  reduced  to  ^  mgm.  of  A- 
iodin  per  day,  and  this  amount  was  continued  for  six  months.  Her 
weight  and  height  were  taken  on  the  following  dates: 
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Weight  Height 

Dates  kiloii  cm. 

January.  4,  1915 16.30  9«.5* 

January  «7,  1915 16.10  95.0 

Febniary  27,  1915 16.70  95.0 

April  2.  1915 17.30  97.5 

May  5,  1915 16.90  97.5 

June  24,  1915 17.10  99.5 

July  8,  1915 18.60  102.0 


¥if.  126. — Cretin  tm  she  appeared  on  entering  Fig.  127.— See  Fig.  1«6. 

Clinic.  Patient  bad  never  oeen  treated  with 
anv  thyroid  preparation.  Aged  nine  years; 
height,  9S  cm.;    weight.  17.3  kilos. 

*  The  obser\'alions  on  January  4  and  July  8  were  taken  at  our  clinic, 
other  measurements  were  made  at  the  home  of  the  patient. 


The 


COMPOUND    CONTAINING    lODIN    IN    THYROID 


407 


Although  no  apparent  effect  was  produced  with  the  B  constitu- 
ents in  respect  to  growth,  administration  of  A-iodin  w^as  follow  ed  by 


Fig.  1i8. — Same  patient  eight  months  after 
Fig.  \M.  During  thi«  time  patient  was  f^iven 
the  A-iodin  compound.  Height,  102  cm.;  weight, 
18.6  kiloj. 


Fig.  129.— See  Fig.  1«8. 


rapid  and  continued  increase.  At  the  same  time  the  mentality  was 
markedly  improved.  Formerly  she  was  phlegmatic,  not  easily 
aroused,  did  not  play  with  other  children,  and  was  backward  in 
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talking.     She  has  greatly  changed  in  appearance,  manners,  and 
desire  to  play  and  talk  (Figs.  1^6,  127,  128,  and  129). 

In  this  case  so  little  A-iodin  was  given  that  no  toxic  symptoms 
were  produced  and  only  a  tonic  effect  resulted.  The  cretin  is  ab- 
normal because  of  the  absence  of  something.  This  deficiency  can 
apparently  be  supplied  by  the  administration  of  very  small  amounts 
(tI ^  grain  per  day)  of  the  A-iodin  compound. 


Fig.  130. — Patient  with  myxtMiema  on  entering  hospitnl. 

Another  case  similar  to  this  one  in  respect  to  the  effect  on  the 
mentality  was  observed  with  an  adult  suffering  from  myxedema. 
For  six  months  this  patient  was  treated  with  B  alone.  At  the  end 
of  that  time,  although  entirely  relieved  of  subjective  symptoms, 
she  was  still  greatly  troubled  with  inability  to  keep  awake.  She 
would  fall  asleep  in  street-cars,  while  resting  on  a  park  bench,  etc., 
and  had  great  difficulty  in  remaining  awake  even  a  few  hours  a  day. 
When  in  this  condition,  small  daily  doses  of  A  produced  immediate 
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and  striking  relief.  Within  a  few  days  the  patient's  whole  appear- 
ance changed,  her  naturally  bright  and  witty  personaUty  was  fully 
restored,  and  the  desire  for  sleep  was  reduced  to  normal  (Figs. 
130  and  131). 

Does  the  Thyroid  Contain  More  than  One  Physiologi- 
cally Active  Substance.^ — This  question  cannot  be  definitely 
answered  at  this  time,  but  there  is  evidence  that  at  least  one  other 
substance   besides   the   compound   containing   A-iodin   produces 


Fig.  IS  I. —Same  patient  after  »ix  weeks*  treatment  with  A  and  B.    Patient  lost  23  pounds,  was 
relieved  of  many  subjective  sjrniptoms.  and  regained  her  naturally  bright  mentality. 


physiologic  effects  under  certain  conditions.  The  acid-soluble 
group  of  constituents,  designated  B,  produces  no  apparent  effect 
when  given  to  normal  dog  or  man,  but  certain  symptoms  of  myx- 
edema and  some  conditions  of  the  skin  appear  to  be  relieved  by  the 
administration  of  B  alone.  The  symptoms  in  myxedema  relieved 
by  B  alone  are  burning  sensations  of  the  skin,  with  smarting,  itch- 
ing areas,  soreness  of  bones  and  joints,  and  cramps  of  the  muscles. 
No  stress  is  laid  on  the  relief  of  these  symptoms,  but  they  are 
mentioned  in  the  possibility  of  drawing  attention  to  the  condition 
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in  other  cases.  They  are  present  only  in  the  more  severe  types  of 
myxedema. 

Also,  a  dry,  scaly  skin  with  absence  of  perspiration  in  cases  not 
diagnosed  myxedema  is  relieved  by  B  alone.  Engman^®  has  treated 
a  number  of  such  cases,  and  among  them  two  patients  suffering 
from  dermatitis  exfoliativa.  In  practically  all  cases  improvement 
has  been  noted,  and  in  no  case  have  there  been  any  toxic  symptoms 
produced.  At  our  clinic,  92  cases  have  been  treated  with  B  con- 
stituents, and  in  no  case  have  there  been  any  toxic  effects  noticed. 
Twelve  cases  of  cretinism  and  mongols  have  been  treated  over 
thirty  days  with  large  doses  of  B.  Pulse-rate,  respiration,  temper- 
ature, and  weight  were  taken  for  the  entire  period.  While  there 
were  individual  variations,  the  average  results  showed  no  apparent 
toxic  effects. 

This  non-toxic  effect  of  the  B  group  of  constituents  is  in  strong 
contrast  with  the  A  group,  since  they  both  contain  iodin.  The 
iodin-containing  compound  in  A  has  been  isolated,  and  its  toxicity 
shown;  the  iodin  in  B  is  in  organic  combination,  but  the  nucleus 
to  which  it  is  attached  is  unknown  and  no  relation  of  iodin  to  activ- 
ity is  evident.  We  do  know  that  the  compound  containing 
iodin  in  B  is  not  the  same  substance  as  the  compound  containing 
iodin  in  A,  and  there  is  evidence  that  these  compounds  exist  inde- 
pendently in  the  gland  (Fig.  132). 

Plummer^^  gives  the  clinical  aspects  of  excessive  activity  of  the 
thyroid  as  follows: 

"All  of  the  associated  facts  make  it  seem  highly  probable  that 
the  syndrome  accompanying  hyperplastic  thyroid  is  in  the  main 
directly  attributable  to  excessive  thyroid  function.  Assuming  this 
to  be  true,  we  can  in  a  general  way  point  out  the  action  of  the  prod- 
uct of  this  activity. 

"The  effect  of  small  doses  continued  over  a  relatively  short  time 
is  cerebral  excitation,  vasomotor  dilatation,  rise  in  blood-pressure, 
stimulation  of  the  heart,  and  general  metabolism.  Moderate  doses 
cause  cerebral  irritability,  mental  and  muscular  incoordination, 
free  perspiration,  loss  of  weight  and  strength,  and  cardiac  insuf- 
ficiency. Large  doses  exaggerate  the  preceding  effects;  mental 
depression  follows  cerebral  irritability;  vomiting  and  nausea  result 
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from  a  dose  but  little  short  of  fatal.     Relatively  small  doses  con- 
tinued over  a  long  period  give  rise  to  the  evidence  of  more  per- 


manent types  of  damage,  such  as  cardiac  arrhythmia,  cardiac  fibril- 
lation, hypertension,  etc. 
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Effect  on  Dogs  of  Administering  A  Containing  About 
5  Per  Cent,  of  Iodin 


TABLE  I.— A-IODIN  INJECTED  SUBCUTANEOUSLY,  1  MGM.  PER  KILO 

BODY  ^^  EIGHT 


Date 

June  23 

1914... 

June  24 

1914... 

June  25 

1914.. 

June  26 

1914... 

June  27 

1914... 

June  28 

1914... 

June  29 

1914... 

June  SO 

1914... 

July 

1 

1914... 

July 

2 

1914... 

July 

3 

1914... 

July 

4 

1914.. 

July 

5 

1914... 

July 

6 

1914... 

July 

7 

1914.. 

July 

8 

1914... 

July 

9 

1914... 

July 

10 

1914. .. 

July 

11 

1914.    . 

July 

12 

1914... 

July 

13 

1914... 

July 

14 

1914... 

July 

15 

1914... 

July 

16 

1914... 

July 

17 

1914... 

July 

18 

1914... 

July 

19 

1914... 

July 

20 

1914... 

July 

21 

1914... 

July 

22 

1914... 

July 

23 

1914... 

July 

24 

1914... 

July 

25 

1914... 

July 

26 

1914   .    . 

July 

27 

1914... 

July 

28 

1914   . 

July 

29 

1914... 

July 

30 

1914... 

July 

31 

1914   .. 

Aug. 

1 

1914... 

FULSE 


116 

110 
110 
110 
102 
106 
106 
102 
102 
102 
106 

108 
106 

108 
116 
142 
136 
136 
220 
250 
144 
126 
126 
110 
114 
130 
125 
118 
116 
116 
116 

108 
100 
96 
96 
92 
92 


Tempera- 

ture, Cexti- 

GRADE 

Weioiit, 

KiLW 

Appetite 

38.9 

11.12 

37.9 

11.12 

38.0 

11.12 

38.0 

11.12 

37.8 

10  91 

37.8 

10.91 

37.9 

10.45 

37.9 

10.45 

37.9 

10.59 

37.9 

10.59 

37.8 

10.59 
10.59 

37.9 

10.68 

37.9 

10.59 
10.59 

37.9 

10.45 

38.5 

10.22 

38.8 

10.22 

38.8 

10.00 

39.0 

10.00 

39.2 

10.15 

38.8 

10.00 

38.9 

9.65 

38.9 

9.85 

38.5 

9.85 

38.4 

10.00 

10.00 

38.9 

10.00 

38.7 

9.85 

38.7 

10.15 

38.5 

10.30 

37.8 

10.28 

38.0 

10.45 

38;i 

l6!68 

38.3 

10.45 

38.0 

10.22 

87.9 

10.22 

37.8 

10.30 

38.3 

10.22 

i 

TsEAniENT 


All   following   injec- 
tionft  subcutaneous. 

10.4  mgm.  A-iofiin. 
10.4  mgm.  A'iodin. 
10.4  mgm.  A-iodin. 
10.4  mgm.  A-iodin. 
10.4  mgm.  A-iodin. 


Diet,  200  grams  dog  biscuit  per  day. 

Appetite  judged  on  scale  of  0  to  1  according  to  food  eaten.  The 
entire  day's  ration  was  offered  to  the  dog  but  once  every  day;  the 
portion  not  eaten  within  ten  to  fifteen  minutes  was  removed. 
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Effect  of  Injection  of  A  Containing  but  Little  Iodin;    of 

B-IODIN  AND   OF  POTASSIUM   loDID 


TABLE  II.— A,  FROM   SHEEP  TH\T10ID   CONTAINING  VERY  LITTLE 

IODIN 


Tempera- 

Date 

PULAB 

ture,  Ce-vti- 

ORADB 

Weight, 
Kilos 

.\PPETITE 

Treatment 

July    16, 

1914... 

100 

38.7 

10.00 

0 

July    17. 

1914.. 

96 

38.2 

9.88 

1 

4 

July    18, 

1914.... 

126 

38.1 

9.68 

J 

July    19, 

1914... 

120 

July   «0, 

1914... 

118 

38.2 

10.00 

I 

4 

July  21. 

1914.. 

118 

37.9 

9.88 

1 

100  mgm.  of  A  from 
sheep  thyroid  con- 
taining 0.16  mgm.I. 

July  22, 

1914.. 

102 

38  3 

10.10 

1 

400  mgm.  of  A  from 
sheep  thyroid  con- 
taining 0.16  mgm.I. 

July   23, 

1914.. 

110 

38.4 

10.00 

i 

400  mgm.  of  A  from 
sheep  thyroid  con- 
Uining  0.16  mgm.I. 

July   24. 

1914.. 

106 

38.4 

10.00 

1 

400  mgm.  of  A  from 
sheep  thyroid  con- 
taining 0.16  mgm.I. 

July   23, 

1914   . 

114 

38.8 

9.88 

' 

400  mgm.  of  A  from 
sheep  thyroid  con- 
taining 0.16  mgm.I. 

July  26, 

1914. 

132 

1 

400  mgm.  of  A  from 
sheep  thyroid  con- 
taining 0.16  mgm.I. 

July  27, 

1914 

118 

39.0 

10.25 

1 

July  28, 

1914 

110 

39.2 

10.10 

1 

July  29. 

1914... 

120 

89.0 

10.25 

1 

July   30. 

1914.. 

120 

38.3 

10.30 

1 

July  31. 

1914   .. 

118 

37.9 

10.25 

1 

Aug.     1. 

1914     .. 

110 

38.0 

10.25 

1 

Diet,  200  grams  of  dog  biscuit  per  day. 

No  apparent  effect  was  produced  after  injection  of  A  from  sheep 
thyroids  very  low  in  iodin.  The  dog  did  not  develop  any  other 
apparent  symptoms,  as  nervousness  or  tremor. 
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TABLE  IIL— A,  FROM  COLLOID  GOITERS  CONTAINING  VERY  LITTLE 

lODIN 


Date 


July  16,  1914. 

July  17.  1914. 

July  18,  1914. 

July  19,  1914. 

July  20,  1914. 

July  21,  1914. 


July   22,  1914. 


July   23,  1914. 


July   24,  1914 


July   25,  1914. 


July   26.  1914 


July  27.  1914 
July  28,  1914. 
July  29,  1914. 
July  SO.  1914. 
July  31.  1914. 
Aug.     1,1914. 

2.  1914. 

3.  1914. 

4.  1914. 

5.  1914. 

6.  1914. 
7.1914. 

8.  1914 

9.  1914 
10.  1914. 

Aug.  11.  1914. 
Aug.  12.  1914. 
Aug.  13,  1914. 
Aug.  14.  1914. 
Aug.  15.  1914 
Aug.  16.  1914. 
Aug.  17,  1914. 
Aug.  18,  1914. 
Aug.  19,  1914. 
Aug.  20.  1914. 
Aug.  21.  1914. 


Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 


132 
120 
120 
120 
120 
120 


120 


108 


106 


118 


120 


118 
120 
102 
116 
104 
104 
104 
104 
104 
104 
106 
118 
108 

io2 

106 

102 

100 
106 

100 
106 
116 
150 
160 


Tbmpkra- 
TrRE.  ("exti- 

OBADE 


38.5 
38.5 
39.5 

39^3 
38.5 


38.9 
39.0 
38.4 
38.9 


39 
39 

38 
JJ8 
38 
38 


38 
38 
38 


Weight, 
Kilo* 

Appetite 

5.91 

5.62 

5.91 

1 

6.02 

1 

5.91 

1 

6.12 

1 

6.20 

1 

5.80 

1 

5.80 

1 

1 

6.12 

1 

5.98 

i 

6.02 

J 

6.22 

1 

6.28 

1 

6.22 

1 

5.98 

1 

6.12 

1 

6.22 

1 

6.22 

1 

6.28 

1 

1 

1 

6  22 

1 

1 

5.98 

1 

6.02 

6*02 

1 

6.08 

1 

6.02 

1 

5.98 

i 

5  91 

1 

Tbk.\tiien*t 


200  mgm.  A  from 
colloid  goiters.  0.5 
mgm.  iodin  per  day. 

200  mgm.  A  from 
cx)lloid  goiters.  0.5 
mgm.  iodin  per  day. 

200  mgm.  A  from 
cx>lloid  goiters,  0.5 
mgm.  iodin  per  day. 

200  mgm.  A  from 
colloid  goiters.  0.5 
mgm.  iodin  per  day. 

200  mgm.  A  from 
colloid  goiters.  0.5 
mgm.  iodin  per  day. 

200  mgm.  A  from 
colloid  goiters.  0.5 
mgm.  iodin  per  day. 


12  mgm.  A-iodin. 
12  mgm.  A-iodin. 
12  mgm.  A-iodin. 
12  mgm.  A-iodin. 


Diet,  120  grams  of  dog  biscuit  per  day. 

Similar  to  Table  VII,  except  A  from  colloid  goiters  low  in  iodin 
was  used  instead  of  A  from  sheep  thyroid.  A  subsequent  injection 
of  12  mgm.  of  A-iodin  caused  the  typical  increase  in  pulse-rate  and 
other  symptoms. 
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TABLE  IV.— B-IODIX,  1  MGM.  PER  KILO  BODY  WEIGHT.    LATER 

A.IODLW  1  MGM.  PER  KILO  BODY  WEIGHT 

Tk 

dPERA- 

Date 

Pi'LSE        TVHk 
G 

.  Cevti- 

BAOE 

Weight. 

KlL(« 

Appetite 

Tbeatment 

June  23,  1914   .. 

106            3 

8.4 

7.28 

0 

All    following    injec- 
tions given  subcu- 
taneously. 

June  24.  1914... 

110            3 

8.6 

7.28 

June  25,  1914... 

115            3 

8.5 

7.28 

June  26,  1914   .  . 

126            3 

9.5 

7.45 

June  27.  1914... 

114            3 

8.8 

7.40 

June  28,  1914... 

116            3 

8.9 

7.40 

June  29.1914... 

116            3 

8.8 

7.15 

7,35  mgm.  B-ioclin. 

June  30. 1914   . 

122            3 

8.3 

6.81 

7.35  mgm.  B-iodin. 

July      1.  1914   .. 

128            3 

9.2 

6.81 

7.35  mgm.  B-iodin. 

Julv     2,1914... 

123            3 

8.7 

6.81 

1 

7.35  mgm.  B-iodin. 

July     3,  1914   .. 

123            3 

8.9 

6.70 

^ 

7.35  mgm.  B-iodin. 

July     4,1914.. 

126            3 

8.4 

6.60 

7.35  mgm.  B-iodin. 

July     5,  1914     . 

123            3 

8.5 

6.60 

7.35  mgm.  B-iodin. 

July     6,1914.. 

126            3 

9.0 

6.70 

7.35  mgm.  B-icxlin. 

July     7,  1914   . 

128            3 

8.9 

6.60 

7.35  mgm.  B-iodin. 

July     8,  1914   .. 

126            3 

8.9 

6.70 

7.35  mgm.  B-iodin. 

July     8.1914 

126            3 

8.9 

6.70 

7.35  mgm.  B-iodin. 

July     9,1914 

123            3 

9.1 

6.92 

July    10,  1914   . 

123            3 

8.8 

6.85 

July    11.  1914 

120            3 

9.1 

7.05 

July    12,  1914   .. 

126            3 

9.1 

7.05 

July    13,  1914..  . 

126            3 

9.0 

7.05 

July    14.  1914   . 

110            3 

9.0 

6.92 

July    15,  1914 

110            3 

8.9 

7.05 

July    16,  1914   .. 

110            3 

8.8 

7.05 

July    17,  1914... 

110            3 

8.8 

7.05 

July    18,  1914.. 

110            3 

8.9 

6.92 

Julv    19,  1914.  .. 

110 

July   20,  1914... 

118            3 

9  2 

7^15 

July   21.  1914   .. 

116            3 

8.9 

7.15 

Julv   22,  1914   .. 

120            3 

8.9 

7.15 

7.35  mgm.  A-iodin. 

July   23,  1914     . 

132            3 

8.4 

7.28 

7.35  mgm.  A-iodin. 

July   24,  1914.. 

140            3 

8.4 

7.28 

7.35  mgm.  A-iodin. 

July   25.  1914... 

146            3 

9.1 

6.81 

7.35  mgm.  A-iodin. 

July   26.  1914     . 

156 

6.81 

7.35  mgm.  A-iodin. 

July   27,  1914... 

186            3 

9^4 

7.15 

7.35  mgm.  A-iodin. 

July   28,  1914... 

160            3 

9.5 

6.81 

7.35  mgm.  A-iodin. 

July   29.  1914... 

164            3 

9.6 

6.92 

7.35  mgm.  A-iodin. 

July   30,  1914... 

150            3 

8.9 

6.81 

7.35  mgm.  A-iodin. 

July   31.  1914.  .  . 

152            3 

8.9 

6.81 

7.35  mgm.  A-iodin. 

Aug.     1.1914.. 

148            3 

9.0 

6.70 

Aug.     2,1914.. 

148 

6.70 

Aug.     3,1914. 

144 

6.48 

Aug.     4,1914... 

126 

6.65 

Aug.     5,1914.. 

132 

6.81 

Aug.     6,1914.. 

126 

6.81 

Aug.     7,1914... 

118 

6.81 

Aug.     8,  1914.    . 

108 

6.92 

Aug.     9.1914.. 

6.85 

Aug.  10,  1914.. 

io8 

6.85 

Diet,  128  grams  dog  biscuit  daily. 

Injection  of  B-iodin  1  mgm.  per  kilo  did  not  cause  any  appreci- 
able change  in  pulse-rate  or  produce  nervous  symptoms.  A 
subsequent  injection  of  A-iodin,  using  the  same  amount  per  kilo, 
produced  the  typical  effects. 
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"  Most  of  the  variations  in  the  course  and  severity  of  this  clinical 
syndrome  can  be  explained  by  an  equation,  taking  into  considera- 
tion the  size  of  the  dose,  the  length  of  its  administration,  the  gen- 
eral and  local  susceptibility  of  the  individual  to  the  toxin.  This 
conception  in  no  way  invalidates  the  possibility  of  an  antitoxic 
action,  relation  of  the  thyroid  to  other  ductless  glands,  more  or  less 
perversion  of  the  thyroid  secretions,  etc.'* 

At  the  present  time  there  are  no  satisfactory  means  of  recording, 
in  a  quantitative  way,  the  degree  of  nervous  irritability  or  the  in- 
creased cerebral  activity  produced  by  administration  of  thyroid 
preparations.  It  is  possible,  therefore,  to  record  only  those  changes 
which  are  expressed  in  terms  of  measurable  quantities,  the  pulse- 
rate,  weight,  temperature,  and  nitrogen  elimination,  but  changes  in 
these  factors  are  accompanied  by  many  other  effects  which,  to 
the  observer,  are  as  striking  and  as  important.  The  tables  con- 
tain the  records  of  several  experiments  on  animals  and  observa- 
tions on  patients,  but  the  mere  tabulation  of  pulse-rates  cannot 
convey  an  adequate  or  comprehensive  picture  of  the  changes  in 
any  case.  An  increase  in  the  pulse-rate  of  A.  J.  G.  from  86  to  144 
was  accompanied  by  headaches,  loss  of  appetite,  and  a  distinct 
tremor,  with  dyspnea,  but  no  quantitative  record  could  show 
these  other  symptoms. 


TABLE  v.— IODIN  IX  FORM  OF  POTASSIUM  lODID, 

5  MGM.  PER  KILO 

Date 

PCUBE 

Tempera- 
ture, Centi- 
grade 

Weight, 

KlL'JS 

.\PPE1ITE 

Treathekt 

Sept.    9.1914... 
Sept.  10.  1914... 
Sept.  U,  1914... 
Sept.  12.  1914.. 
Sept.  13.  1914... 
Sept.  14.  1914.. 
Sept.  15.  1914... 
Sept.  16.  1914     . 
Sept.  17.  1914... 

1«0 
118 
120 
114 
114 
108 

90 
100 

90 

38.4 
38^4 

38^5 
38.9 

5.70 

5.50 
5.35 
5  35 
5.^ 
5.^ 
5.i5 

1 
1     1 

30  mgm.  iodin  as  KI. 
30  mgm.  iodin  as  KL 
30  mgm.  iodin  as  KI. 
30  mgm.  iodin  as  KL 
30  mgm.  iodin  as  KL 
30  mgm.  iodin  as  KL 
30  mgm.  iodin  as  KL 



Injections  of  potassium  iodid  in  amount  six  times  as  large  as  is 
necessary  to  produce  toxic  symptoms  with  A-iodin  caused  no  ap- 
parent change. 
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TABLE  VI.— EFFECT  OF  INJECTION  OF  THE  COMPOUND  IN  A  CON- 
TAINING lODIN,  PARTIALLY  PURIFIED.    lODIN 
CONTENT,  25  PER  CENT. 


Tempera- 

Datb 

PUUSE 

ture,  Cknti- 

ORADE 

Weight. 

KiLOH 

Appetite 

Treatment 

Dec.     7,1914... 

107 

38.9 

8.64 

0 

Dec.     8,1914... 

107 

38.8 

8.64 

i 

Dec.     9,1914... 

107 

38.8 

8.64 

i 

25  mgm.  A-iodin. 

Dec.  10,1914... 

124 

39.0 

8.41 

i 

25  mgm.  A-iodin. 

I>ec.  11,  1914... 

160-80 

39.2 

8.30 

Dec.   12,  1914... 

142 

39.3 

8.30 

1 

Dec.   13,  1914... 

150 

39.3 

8.18 

1 

Dec.   14,1914... 

154 

39.1 

8.18 

} 

Dec.   15,1914... 

Dec.  16,  1914... 

135 

39.  i 

8.18 

i 

Dec.  17,  1914... 

120 

38.9 

8.18 

i 

Dec.  18.1914... 

110 

39,1 

8.18 

i 

Diet,  170  grams  of  dog  biscuit  per  day. 

Typical  effects  were  produced  by  this  A  purified  until  its  iodin 
content  was  25  per  cent. 


Treatment 


20  mgm.  A-iodin  crystals. 
20  mgm.  A-iodin  crystals. 
20  mgm.  A-iodin  crystals. 


Effect  of  Injection  of  the  Compound  in  A  Containing  Iodin 
Purified  to  a  Single  Crystalline  Compound  with  a 
Constant  Iodin  Content  of  60  Per  cent. 

TABLE  ML— CRYSTALLINE  COMPOUND  CONTAINING  60  PER  CENT 
OF  IODIN.  ISOLATED  FROM  A.     WEIGHT  OF  DOG.  6.35  KILOS 
Date  Pulse 

January  11,  1915 110 

January  12,  1915 110 

January  IS.  1915 130 

January  14,  1915 160 

January  15,  1915 167-176 

January-  16,  1915 

January  17,  1915 196 

Januaiy  18,  1915 195-210 

January  19,  1915 156-176 

January  20,  1915 134-162 

January  21,  1915 • . . , 150 

January  22.  1915 134 

January  23,  1915 140 

January  24,  1915 

January  25,  1915 

January  26,  1915 

January  27,  1915 150 


The  same  typical  effects  on  pulse-rate  and  nervous  symptoms 
followed  injection  of  the  pure  crystalline  compound  isolated  from  A. 
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The  following  tables  show  changes  in  the  pulse-rate  of  patients 
after  taking  group  A  constituents  in  various  stages  of  purity  up  to 
and  including  the  crystalline  form  of  the  compound  containing 
iodin: 

Effect  of  Administering  Group  A  Constituents  Containing 
5  Per  cent,   of  Iodin 

TABLE  VIII.— MRS.  W.    APPARENTLY  NORMAL.    l^TIGHT.  lOS  KILOS. 
AGED,  FORTY-FIVE  YEARS 

Date  Pulse-rate  Amount  or  A-Iodin  pkb  Day 

November  13,  1914 86  Total  amount,  152  mgm. 

November  16,  1914 120  From  November  IS  to  November  23, 5  mgm. 

November  19,  1914 137 

November  20,  1914 131 

November  23,  1914 140  From  November  28  to  November  25.  4  mgm. 

November  24.  1914 141 

November  25,  1914 135  From  November  25  to  November  80,  8  mgm. 

November  27,  1914 130 

November  28,  1914 150 

November  30,  1914 150  From  November  SO  to  December  2,  9  mgm. 

December     1.1914 141 

December    2,  1914 142  From  December  2  to  December  5,  12  mgm. 

December    3.  1914 143 

December    4.  1914 142 

During  this  time,  although  the  patient  had  rapid  pulse,  loss  of 
appetite,  and  became  nervous  and  dyspneic,  the  weight  was  but 
little  affected. 

Effect  of  Administering  Group  A  Constituents  Containing 
25  Per  cent,  of  A-Iodin 

TABLE  IX.— A.  J.  G.,  MALE,  NORMAL  WEIGHT,  60  KILOS.    AGED, 
THIRTY-EIGHT  YEARS 

Date                                                   Pulae-hatc  Amount  of  A-Iooik  pe»  Dat 

May  29,  1915 86  From  May  29  to  June  7,  S  mgm. 

May  SI,  1915 96  

June     1,1915 114  

June    2.1915 100  

June    3,1915 114  

June    4.1915 117  

June    5,1915 120  

June    7,  1915 120  From  June  7  to  June  13,  6  mgm. 

June    8,  1915 122  ToUl  amount.  61  mgm. 

June    9.1915 125  

June  10,  1915 130  

June  11,  1915 130  

June  12,  1915 138  

June  13,  1915 144  

June  14,  1915 144  
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Effect  of  Administering  Pure  Crystalline  Compound 
Isolated  from  Group  A  Constituents 

TABLE  X.— F.  B.,  FEMALE.  CRETIN,  W^EIGHT,  15  KILOS.    AGED.  SIX 

YEARS 

Date                                                 Pulse-rate  Amount  op  Iodin 

March    5.  1915 1«4  

March    6,1915 106  

March    8,  1915 117  

March    9.  1915 117  

March  10,  1915 1«0  

March  11,  1915 117  From  March  11  to  March  25.  0.5 

mgm.  of  A-iodin  per  day. 

March  1«.  1915 1«0  

March  13.  1915 117  Total  amount,  7  mgm.  A-iodin. 

March  14,  1915 1«0  

March  15,  1915 123  

March  16,  1915 123  

March  17,  1915 126  

March  18.  1915 120  

March  19,  1915 126  

March  20,  1915 128  

March  22.  1915 140  

March  23,  1915 133  

March  24,  1915 142  

March  25,  1915 142  

March  26,  1915 140  

This  cretin  had  not  previously  been  treated  with  thyroid. 

Summary 

1.  By  an  alkaline  alcoholic  hydrolysis  the  thyroid  proteins  are 
broken  into  many  simpler  constituents,  which,  by  their  solubility 
in  acids,  are  separated  into  two  groups.  Those  constituents  in- 
soluble in  acid  are  designated  group  A,  and  those  soluble,  group  B. 
No  definite  crystalline  compound  has  been  isolated  from  group  B, 
but  it  appears  to  be  composed  of  mixtures  of  amino-acid  complexes. 
About  one-half  the  total  iodin  in  the  thyroid  proteins  appears 
among  the  group  B  constituents.  The  nucleus  to  which  the  iodin 
is  attached  is  unknown. 

By  continued  hydrolysis  the  group  A  compounds  have  been 
further  separated,  and  the  iodin-containing  compound  has  been 
isolated  in  pure  crystalline  form,  having  a  constant  iodin  content  of 
60  per  cent.  Its  exact  formula  cannot  now  be  given,  but  its  chem- 
ical properties  are  best  expressed  by  di-iodo-indol-carboxylic  acid. 

2.  Physiologic  tests  on  dogs  and  human  beings  have  shown  that 
no  toxic  effects  can  be  produced  by  any  of  the  constituents  of  group 
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B.  Group  A  constituents,  however,  produce  the  so-called  hyper- 
thyroid  symptoms:  increase  in  pulse-rate,  with  tachycardia,  in- 
crease of  nitrogen  elimination,  with  loss  of  weight,  and  increase  in 
nervous  irritability,  etc.  Further  investigation  showed  that  the 
production  of  these  symptoms  was  proportional  to  the  iodin  con- 
tent, that  partial  purification  of  A  did  not  destroy  the  activity,  and 
finally  that  the  compound  containing  A-iodin  produced  these  effects 
in  all  stages  of  purity  up  to  and  including  the  pure  crystalline  form. 

3.  The  amount  of  the  A-iodin  compound  necessary  to  produce 
symptoms  is  extremely  small.  One-half  milligram  (tttt  of  a  grain) 
per  day  produced  marked  effects  in  a  cretin  weighing  15  kilos.  The 
susceptibility  of  animals  and  man  to  this  compound  varies  greatly, 
but  the  human  being  responds  much  quicker  and  to  a  far  greater 
degree  than  the  dog.  Some  form  of  tolerance  for  the  compound  is 
produced. 

In  very  small  doses  the  A-iodin  compound  exerts  a  tonic  effect, 
and  appears  to  be  essential  for  normal  growth  and  life. 

4.  Administration  of  A-iodin  to  man  produces  changes  in  the 
cardiogram. 

5.  Although  B  produces  no  toxic  effects,  it  appears  to  possess 
some  slight  physiologic  properties  in  cases  of  myxedema  and  certain 
conditions  of  the  skin. 

The  toxic  properties  of  A  are  due  to  the  iodin-containing  com- 
pound which  has  been  isolated.  There  appears  to  be  no  relation 
between  activity  and  iodin  in  B. 

During  the  course  of  this  investigation  I  have  become  indebted 
to  Dr.  F.  C.  Wood,  director  of  the  pathologic  department,  St. 
Luke's  Hospital,  New  York  City;  to  Dr.  C.  B.  Cauldwell,  of  Lin- 
coln, Illinois,  and  to  Dr.  M.  F.  Engman,  of  St.  Louis,  for  clinical 
observations.     In  the  Mayo  Clinic,  I  wish  to  thank  especially  Dr. 

C.  H.  Mayo,  Dr.  H.  S.  Plummer,  and  Dr.  L.  B.  Wilson  for  the 
opportunity  to  carry  out  the  investigation  and  for  encouragement, 
advice,  and  help  during  the  work. 

REFERENCES 
1.  Plummer,  H.  S.:  "The  Clinical  and  Pathological  Relationships  of  Hyperplastic 
and  Non-hyperplastic  Goiter,"  Jour.  Amer.  Med.  Assoc.,  1913,  Ixi,  650-^1. 
"The   Clinical   and  Pathological  Relationship  of  Simple  and  Exophthalmic 
Goiter,*'  Amer.  Jour.  Med.  Sci.,  1913,  cxlvi,  790-795. 


COMPOUND   CONTAINING   lODIN   IN   THYROID  421 

«.  Wilson,  L.  B.:  "The  Pathological  Changes  in  the  Thyroid,  as  Related  to 
the  Varying  Symptoms  in  Graves'  Disease,  Based  on  the. Pathological  Find- 
ings in  294  Cases/'  Amer.  Jour.  Med.  Sci.,  1908,  cxxxvi,  851-861.  "The  Patho- 
logical Relationships  of  Exophthalmic  and  Simple  Goiter,"  Surg.,  Gyn.  and 
Obst.,  1909,  viii,  588-602.  "Notes  on  the  Pathology  of  Simple  and  Exoph- 
thalmic Goiter."  Med.  Rec.,  1913,  Ixxxiv,  S7a-378.  "The  Pathology  of  the 
Thyroid  in  Exophthalmic  Goiter,**  Amer.  Jour.  Med.  Sci.,  1913.  cxlvi.  781- 
790.  "A  Study  of  the  Pathology  of  the  Thyroids  from  Cases  of  Toxic  Non- 
exophthalmic  Goiter.**  Amer.  Jour.  Med.  Sci.,  cxlvii,  344-351. 

3.  Oswald,  A.:  "Die  Eiweissk5rper  der  SchilddrUse,*'  Zeitschr.  f.  physiol.  Chem., 

1899,  xxvii,  14-49.  "Zur  Kenntnis  des  Thyreoglobulins,'*  ilnd.,  1901.  xxxii, 
121-144. 

4.  Baumann,  £.:  "Ueber  das  normale  Vorkommen  von  Jod  im  Thierkdq)er,'* 

Zeitschr.  f.  physiol.  Chem.,  1895-6,  xxi,  31^330. 

5.  Hutchinson,  R.:  "The  Chemistry  of  the  Thyroid  Gland  and  the  Nature  of  its 

Active  Constituent,'*  Jour.  Physiol,  1896.  xx,  474-495.  "Further  Observa- 
tions on  the  Chemistry  and  Action  of  the  Thyroid  Gland,"  ibid.,  1898-99,  xxiii, 
178-189. 

6.  Fiirth,  O.  von,  and  Schwarz,  K.:  "Ueber  die  Einwirkung  des  Jodothyrins  auf 

den  Zirkulationsapparat,"  Arch.  f.  d.  ges.  Physiol.,  1908,  cxxiv,  113-156. 
Strouse,  S.,  and  Voegtlin,  C:  "Studies  Concerning  the  lodin-containing  Prin- 
ciple of  the  Thyroid  Gland,"  Jour.  Pharm.  and  Exper.  Therap.,  1909-10,  i, 
122-123.  Koch,  F.  C:  "On  the  Nature  of  the  lodin-containing  Complex  in 
Thyreoglobulin,**  Jour.  Biol.  Chem.,  1913,  xiv,  101-116. 

7.  Hunt,  R.,  and  Seidell,  A.:  "Studies  on  Thyroid  I.    The  Relation  of  lodin  to 

the  Physiological  Activity  of  Thyroid  Preparations,"  United  States  Hygiene 
Laboratory  Bulletin,  No.  47,  1908. 

8.  Marine.  D.:  "The  Anatomical  and  Physiological  Effects  of  lodin  on  the  Thyroid 

Gland  and  Exophthalmic  Goiter,**  Jour.  Med.  Amer.  Assoc..  1912,  lix,  325-328. 
Marine  and  Lenhart,  G.  H.:  "Relation  of  lodin  to  the  Structure  of  Human 
Thyroids;  Relation  of  lodin  and  Histological  Structure  to  Diseases  in  General; 
to  Exophthalmic  Goiter;  to  Cretinism  and  Myxedema,"  Arch.  Int.  Med., 
1909.  iv,  440-493.  "Pathological  Anatomy  of  Exophthalmic  Goiter.**  Arch. 
Int  Med.,  1911.  viii,  265-316. 

9.  Cameron,  A.  T.:  "Contributions  to  the  Biochemistry  of  lodin  I.    The  Distribu- 

tion of  lodin  in  Plant  and  Animal  Tissues,'*  Jour.  Biol.  Chem.,  1914,  xviii. 
835-380. 

10.  Sajous,  C.  E.:  "The  Internal  Secretions  and  the  Principles  of  Medicine,'*  Phila- 
delphia, Da\'is,  i,  146. 

11.  Beebe,  S.  P.:  "Present  Knowledge  of  Thyroid  Function,"  Jour.  Amer.  Med. 
Assoc.,  1911,  h-i.  658-660. 

12.  Wells,  H.  C:  "The  Physiology  and  Therapeutics  of  the  Thyroid  Gland  and  iU 
Congeners,"  Jour.  Amer.  Med.  Assoc.,  1897,  xxix,  897-904;  954-960;  1007- 
1011. 

13.  Oswald.  A. : "  Ueber  den  Jodgehalt  der  Schilddrlisen,'*  Zeitschr.  f .  physiol.  Chem., 

1897,  xxiii.  265-310. 

14.  Baumann,  E.:  "Ueber  das  normale  V'orkommen  des  Jods  im  Thierk5rper,*' 
Zeitschr.  f.  physiol.  Chem.,  1896-7, 3p:ii,  1-17. 

15.  Fenger,  F.:  "On  the  Presence  of  Active  Principles  in  the  Thyroid  and  Supra- 
renal Glands  before  and  after  Birth,"  Jour.  Biol.  Chem.,  1912,  xi,  489-492; 
ibid.,  1912,  xii,  55-59.  "On  the  lodin  and  Phosphorus  Contents,  Size,  and 
Physiological  Activity  of  the  Fetal  Thyroid  Gland,"  ibid.,  1913,  xiv.  397-405. 
"On  the  Presence  of  lodin  in  the  Human  Fetal  Thyroid  Gland,**  ibid.,  1915, 
XX.  695-696. 

16.  Engman.  M.  F.,  and  Kendall,  E.  C:  "Hypothyroidism  in  Relation  to  Certain 
Conditions  of  the  Skin,'*  paper  read  before  the  American  Dermatological 
Association,  New  York,  Itfay  14,  1915. 

17.  Plummer,  H.  S.:  "Blood-pressure  in  Thyrotoxicosis,"  Reprinted  from  thp 
Trans,  of  the  Association  of  American  Physicians,  1915,  xxx. 


THE  RELATIONSHIP  OF  THE  PATHOLOGIC 
HISTOLOGY  AND  THE  lODIN  COMPOUNDS 
OF  THE  HUMAN  THYROID  * 

LOUIS    B.    WILSON    AND    EDWARD    C.    KENDALL 


The  present  study  presents  some  new  evidence  in  the  solution 
of  the  problems  of  the  relationships  between  the  clinical,  patho- 
logic, and  chemical  findings  in  cases  of  human  goiter.  The  scope 
of  the  study  is  limited  to  566  cases,  from  which  specimens  have  been 
analyzed  chemically  in  the  course  of  a  general  investigation  of  the 
iodin  compounds  of  the  thyroid.  The  cases  were  not  selected,  but 
were  taken  at  random  in  the  order  as  operated  on  from  the  patients 
under  treatment  in  the  Mayo  Clinic  during  1914. 

Clinical  Classification. — The  clinical  classification  of  the 
cases  into — (1)  Hyperplastic  toxic  (* 'exophthalmic"  goiter);  (2) 
non-hyperplastic  toxic  with  high  blood-pressure;  (3)  non-hyper- 
plastic  toxic  with  low  blood-pressure;  (4)  non-hyperplastic  ques- 
tionably toxic  with  low  blood-pressure,  and  (5)  non-hyperplastic 
atoxic  with  low  blood-pressure  has  been  made  by  Hummer,** '  and 
follows  his  previous  grouping.  Though  the  terms  "hyperplastic'* 
and  "non-hyperplastic"  refer  to  the  morphology  of  the  gland, 
which  cannot  be  shown  until  its  removal,  yet  they  have  been  used 
in  making  the  clinical  diagnoses  by  Plummer  and  his  associates  with 
but  a  negligible  margin  of  error,  as  shown  by  the  subsequent  path- 
ologic examination. 

Pathologic  Classification. — ^The  pathologic  classification  is, 
with  shght  modification,  that  previously  published  by  Wilson.'-*® 
The  main  divisions — (1)  Primary  hypertrophy  and  hyperplasia  of 

*  Read  before  the  Association  of  American  Physicians,  Washington.  May  10, 
1915.  Reprinted  from  Amer.  Jour.  Med.  dbi.,  1916.  cli,  79-91.  Copyright,  1916, 
by  Lea  and  Febiger. 

422 


PATHOLOGIC  HISTOLOGY  AND  lODIN  COMPOUNDS  423 

epithelium;  (2)  primary  retention  of  colloid  with  atrophy  of 
epithelium;  (3)  encapsulated  adenomas,  and  (4)  carcinomas,  with 
their  several  subdivisions,  are  self-explanatory.  As  our  study  of 
the  morphology  of  the  thyroid  in  goiter  has  progressed,  it  has  been 
found  desirable  to  subdivide  the  group  of  regressing  hyperplasias 
into  subgroups — early,  advanced,  and  very  advanced  regression. 
Also  the  undegenerated  encapsulated  adenomas,  with  colloid-filled 
acini.  Group  G,  are  so  few  in  proportion  to  the  degenerated  adeno- 
mas, Group  F,  that  in  the  present  study  the  three  subgroups  have 
not  been  separated.  The  encap  sulated  adenomas  have  been  sepa- 
rated from  adenomatoses,  and  the  latter  included  in  the  group 
described  as  primary  retention  of  colloid  with  atrophy  of  epithe- 
lium. 

Chemical  Investigation. — ^The  methods  employed  in  the 
determination  of  iodin  and  the  dry  weight  of  thyroid  substance 
removed  at  operation  were  as  follows: 

The  fresh  gland  was  placed  in  a  crystallizing  dish,  covered  with 
a  glass  plate,  and  heated  three  or  four  hours  in  an  oven  at  100°  C. 
This  preliminary  treatment  removed  a  large  portion  of  the  water 
and  made  the  gland  cut  more  easily  into  smaller  pieces.  After  the 
gland  was  cut  into  small  pieces  it  was  completely  dried  in  a  vacuum 
desiccator,  and  then  ground  to  a  fine  powder  in  a  coffee-mill, 
thoroughly  mixed,  and  the  iodin  content  determined^^  in  a  one-half 
gram  portion.  Two  modifications  of  this  procedure  were  employed 
for  some  of  the  glands.  Instead  of  taking  the  entire  fresh  gland  for 
purposes  of  desiccation,  a  known  portion  of  the  total  was  taken,  and 
from  the  dried  weight  of  this  portion  the  dried  weight  of  the  total 
gland  and  the  amount  of  iodin  were  calculated.  The  other  modifi- 
cation consisted  in  taking  a  portion  of  the  gland  after  it  had  been 
fixed  in  4  per  cent,  formaldehyd.  From  this  known  portion  the 
dried  weight  of  the  total  gland  was  determined,  and  the  total  iodin 
based  on  this  weight.  Analysis  of  the  formaldehyd  solution 
showed  that  in  every  case  an  appreciable  amount  of  iodin  from  the 
gland  had  passed  into  the  formaldehyd  solution.  It  was  therefore 
necessary  to  determine  the  amount  of  iodin  in  this  solution  to  ob- 
tain the  total  iodin  originally  present  in  the  portion  of  the  gland 
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removed  at  operation.  The  results  obtained  by  these  procedures 
were  kept  separate  until  after  they  were  compared  with  the  path- 
ologic grouping.  This  comparison  showed  no  appreciable  diflFer- 
ences  between  the  three  methods,  so  that  in  the  final  tabulation  of 
results  there  was  no  discrimination  made  as  to  which  method  was 
employed  for  determining  the  total  dried  weight  and  the  total  iodin. 

In  addition  to  the  determination  of  the  total  iodin,  the  dried 
thyroid  substance  of  58  thyroids  was  hydrolyzed  by  a  method 
already  published."  This  hydrolysis  splits  the  proteins  into  sim- 
pler products  and  divides  the  total  iodin  into  two  chemically  differ- 
ent groups.  The  a-iodin  compound  is  insoluble  in  acids.  The  fi- 
iodin  compound  is  soluble.  Both  a-  and  /3-iodin  are  in  organic 
combinations,  and  there  is  evidence  that  /3-iodin  is  not  a  decom- 
position product  of  the  a-iodin  compound,  but  that  the  two  forms 
exist  independently  in  the  gland.  Physiologic  tests"  have  shown 
that  the  a-iodin  compound  produces  the  typical  effects  of  desic- 
cated thyroid,  but  that  the  /3-iodin  compound  has  no  toxic  action. 
It  therefore  seemed  desirable  to  determine  the  amount  of  a-,  or 
toxic,  iodin  compound  in  some  of  the  glands  removed.  For  the 
determination  of  the  amount  of  a-iodin  in  a  given  gland,  the  dry 
powdered  gland  was  boiled  in  90  per  cent,  alcohol  in  the  presence 
of  1  per  cent,  sodium  hydroxid  for  forty-eight  hours,  2.5  grams  of 
the  dried  thyroid  per  100  c.c.  of  alcohol.  At  the  end  of  the  boiling, 
carbon  dioxid  was  passed  through  the  solution  and  the  alcohol 
evaporated.  The  solution  was  then  acidified  with  20  per  cent, 
sulphuric  acid.  The  precipitate  (a-constituents)  was  filtered  and 
washed  with  a  small  amount  of  water.  This  precipitate  was  dis- 
solved in  sodium  hydroxid.  The  amounts  of  iodin  in  the  filtrate 
(/3-constituents)  and  in  the  solution  of  the  a-constituents  were 
determined.  This  gave  the  amounts  of  a-  and  /9-iodin,  and  the  sum 
of  these  two  the  total  iodin  in  the  gland. 

In  connection  with  the  determination  of  iodin,  it  may  be  said 
that  the  results  obtained  during  the  course  of  this  investigation 
approximate  4000  determinations  of  iodin.  From  a  comparison 
of  duplicates  and  an  inspection  of  the  accuracy  of  the  total  series, 
it  would  appear  that  for  this  work  the  method  used  is  entirely 
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adequate.  The  great  advantage  of  obtaining  a  jjerfect  "blank" 
where  no  iodin  exists,  of  having  no  blue  color  flashed  back  from  the 
starch  iodin  reaction  after  titration  is  finished,  and  the  wide  range 
in  the  amounts  of  iodin  which  come  within  the  method,  together 
with  the  shortness  of  time  and  inexpensive  chemicals,  have  made 
this  method  the  one  of  choice  in  our  laboratory. 

Protocols. — The  bulk  of  the  material  makes  publication  of 
protocols  obviously  cumbersome.  However,  the  protocols  of  the 
chemical  analyses  and  pathologic  examinations,  with  the  micro- 
scopic sections,  gross  specimens,  and  the  clinical  histories  are  on  file 
in  the  Mayo  Clinic,  and  are  open  to  study  to  any  one  interested. 
The  results  have  been  accurately  compiled  and  condensed  into  a 
series  of  tables  herewith  presented. 

Discussion  of  Tables. — Table  I. — ^The  distribution  of  the 
cases  into  the  several  clinical  and  pathologic  groups  is  given  in 
totals,  rather  than  in  averages,  that  the  numbers  may  serve  as  a 
basis  for  determining  the  percentage  values  in  subsequent  compari- 
sons. It  will  be  observed  that  the  number  of  cases  in  certain  groups 
(Ay  hyperplastic  toxic;  D,  non-hyperplastic  toxic  and  non-hyper- 
plastic  questionably  toxic;  H  -\-  F,  non-hyperplastic  toxic  and 
non-hyperplastic  questionably  toxic;  f,  questionably  toxic;  and 
the  carcinomas)  are  so  small  as  to  make  the  averages  of  relatively 
little  value.  However,  it  would  have  been  more  inaccurate  to 
omit  these  cases  entirely,  and  attention  will  be  called  to  the  insuffi- 
cient evidence  presented  in  these  groups,  as  the  several  comparative 
tables  are  discussed  later.  It  should  be  noted  that  of  the  425  cases 
of  non-hyperplastic  goiter,  197  presented  symptoms  which  might 
have  caused  many  of  them  to  be  diagnosed  as  "exophthalmic 
goiters"  by  clinicians  elsewhere.  Without  analyzing  in  detail  the 
distribution  of  these  cases,  it  may  be  pointed  out  that  the  general 
distribution  closely  approximates  that  shown  in  a  similar  group  of 
patients  operated  on  in  1911  and  1912.® 

Table  II, — Table  II  shows  the  average  age  of  the  patients  at  the 
time  their  thyroids  were  removed.  While  the  average  age  of  the 
patients  with  hyperplastic  toxic  goiter  is  thirty-five  years,  it  will  be 
noted  that  the  average  age  of  those  with  early  hypertrophy  is  only 
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nineteen  years,  of  those  with  advanced  hyperplasia  thirty-four 
years,  and  of  those  whose  thyroids  showed  regression  in  the  hyper- 
plastic process  it  is  thirty-eight,  thirty-five,  and  thirty-four  years 
respectively,  in  inverse  order  to  the  amount  of  regression.  At  first 
thought  it  would  appear  that  this  inversion  of  the  average  ages  in 
relation  to  the  amount  of  regression  of  hyperplasia  is  contradictory, 
but  when  the  average  ages  are  examined  in  the  light  of  Table  III, 
in  which  is  shown  the  average  duration  of  goiter  in  months,  it  will 
be  seen  that  while  the  younger  patients  showed  the  greatest  amount 
of  epithelial  regression,  the  duration  of  the  goiter  as  well  as  the  dura- 
tion of  symptoms  were  both  also  inversely  as  to  age  and  directly  as 
to  the  amount  of  regression.  The  same  holds  good  in  the  four  cases 
of  clinically  hyperplastic  toxic  goiter  with  secondary  regeneration  of 
the  thyroid  epithelium.  Here  the  average  age  was  twenty-nine 
years,  and  though  the  average  duration  of  goiter  was  one  hundred 
and  thirty-two  months,  the  average  duration  of  symptoms  was  only 
eleven  months.  In  this  pathologic  group  (epithelial  regenerations) 
the  age-distribution  of  the  patients  in  the  various  clinical  classes  is 
interesting,  being  twenty-nine  years  in  the  hyperplastic  toxic,  forty- 
five  years  in  the  non-hyperplastic  toxic  with  high  blood-pressure, 
fifty  years  in  the  non-hyperplastic  toxics  with  low  blood-pressure, 
thirty-three  years  in  the  non-hyperplastic  questionably  toxic,  and 
thirty-two  years  in  the  non-hyperplastic  atoxic  cases. 

The  somewhat  erratic  age  distribution  of  the  cases  in  which  the 
glands  showed  encapsulated  adenomas,  either  alone  {E,  F,  G)  or 
included  in  diffuse  colloid  goiters  {H  +  F),  may  not  be  wholly  acci- 
dental, but  may  be  due  to  the  influence  of  the  neoplasms.  This 
point,  however,  is  still  under  investigation  in  a  larger  series  of  cases. 

Table  III, — ^The  average  duration  of  goiters  in  months  for  the 
entire  series,  and  the  duration  of  hyperthyroidism  in  months  for  the 
hyperplastic  series,  is  shown  in  Table  III.  The  duration  of  the 
symptoms  in  the  toxic  non-hyperplastic  cases  is  so  difficult  to  deter- 
mine with  any  degree  of  accuracy  from  the  patient's  description 
that  no  attempt  has  been  made  to  state  it  in  months.  The  differ- 
ence between  the  period  of  duration  of  goiter  in  hyperplastic  toxics, 
averaging  forty-one  months,  and  the  period  of  duration  of  goiter  in 
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the  non-hyperplastic  groups  (the  lowest  of  which  is  156  months, 
and  the  highest  276  months,  with  an  average  of  192  months), is  very 
marked,  and  constitutes  a  point  in  clinical  diagnosis. 

The  maximum  severity  of  symptoms,  and  the  severity  at  the 
time  of  examinations  in  the  several  groups  of  hyperplastic  toxic 
cases,  indicated  on  a  scale  of  1,  2,  3,  4,  and  5,  averaged  as  follows: 

MAxmuM  At  Time  or 

SiEVBBiTT  Examination 

A       Early  hypertrophy 1.0  1.0 

B       Advanced  hyperplasia 2.6  2.5 

C  1.  Early  regression 3.2  2.4 

C  2.  Advanced  regression 8.6  2.5 

C  8.  Very  advanced  regression 8.4  2.0 

Table  IV. — The  discussion  of  the  systolic  blood-pressure  as  pre- 
sented in  Table  IV  will  be  covered  in  extenso  by  Plummer.^'  It  is 
included  in  the  present  paper  only  for  reference  in  relation  to  the 
percentage  of  iodin  and  total  amount  of  iodin  in  the  portion  of 
removed  gland.     (See  Tables  VI  and  VII.) 

Table  V. — The  average  weight  of  the  portion  of  the  gland  re- 
moved at  operation  in  the  hyperplastic  toxic  group  was  57  grams, 
as  compared  with  55  grams,  the  average  weight  of  the  removed 
portion  in  the  1911  and  1912  cases.^  The  average  weight  of  the 
removed  portion  of  the  425  cases  of  non-hyperplastic  thyroids  was 
168  grams,  as  compared  with  171  grams,  the  average  weight  of  the 
non-hyperplastics  in  the  1911  and  1912  cases.^  This  is  of  signifi- 
cance in  showing  the  great  disparity  in  size  between  the  thyroids 
from  hyperplastic  toxic  and  those  from  non-hyperplastic  toxic  cases 
as  previously  noted.'*^  In  the  individual  groups  the  removed  por- 
tion of  gland  is  larger  in  the  cases  of  high  blood-pressure  than  in  the 
several  pathologic  groups  with  low  blood-pressure. 

Table  VI. — ^The  variation  in  the  percentage  of  iodin  in  the  dried 
gland  in  the  several  histologic  types  of  thyroids  from  hyperplastic 
toxic  cases  is  most  marked.  Starting  in  with  the  cases  of  early 
hypertrophy,  the  percentage  is  0.11.  It  drops  thence  to  0.03  in  the 
advanced  hyperplasias,  rises  to  0.07  in  the  early  regressions,  to  0.16 
in  the  advanced  regressions,  and  to  0.19  in  the  very  advanced 
regressions.    A  comparison  of  these  percentages  with  those  showing 
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percentages  of  iodin  in  the  various  non-hyperplastic  thyroids  shows 
that  in  no  subgroup  of  the  latter  division  does  the  percentage  of 
iodin  rise  as  high  as  that  in  the  thyroids  from  cases  with  advanced 
regression  in  hyperplastic  glands.    ^ 

In  the  pathologic  groups  of  the  non-hyperplastic  series  the 
secondary  regenerations  (type  D)  present  both  the  highest  and  the 
lowest  percentages  aside  from  certain  low  averages  in  the  encap- 
sulated adenomas  and  the  carcinomas.  The  diffuse  epithelial 
atrophies  (type  H)  vary  the  least.  The  encapsulated  adenomas, 
while  generally  low,  vary  from  0.02  to  0.07. 

In  the  individual  clinical  groups  it  is  interesting  to  note  that  in 
all,  except  the  adenomas,  the  percentage  of  iodin  is  highest  (average, 
0.1  per  cent.)  in  the  non-hyperplastic  toxic  cases  with  low  blood- 
pressure.  The  next  in  amount  are  the  cases  of  non-hyperplastic 
toxic  with  high  blood-pressure  (average,  0.08  per  cent.).  In  gen- 
eral, the  percentage  is  lowest  in  the  non-hyperplastic  atoxic  (aver- 
age, 0.06  per  cent.).  Attention  is  called  to  this  inversion  of  the 
order  of  the  percentage  amounts  in  relation  to  clinical  symptoms 
over  those  observed  in  the  cases  of  hyjjerplastic  goiter. 

A  tabulation  of  both  groups  of  non-hyperplastic  toxic  cases  in 
comparison  with  the  non-hyperplastic  atoxic  cases  shows  that  in 
84  per  cent,  of  the  atoxic  the  percentage  of  iodin  was  under  0.1, 
while  but  68  per  cent,  of  the  toxic  cases  were  under  0.1. 

Table  VII , — In  the  hyperplastic  toxic  cases  the  total  amount  of 
iodin  in  the  portion  of  the  gland  removed  follows  the  percentage  of 
iodin,  since  the  portion  of  gland  removed  in  these  cases  is  fairly 
equal  in  the  several  groups.  The  amount  averages  9.2  mgm.  in 
early  hypertrophy,  drops  to  3.4  mgm.  in  the  advanced  hyperplasias, 
rises  to  8  mgm.  in  the  early  regressions,  to  14.2  mgm.  in  the  ad- 
vanced regressions,  and  to  21.9  mgm.  in  the  very  advanced  regres- 
sions. The  total  amount  in  the  cases  with  secondary  regeneration 
of  epithelium,  which  showed  symptoms  placing  them  in  the  hyper- 
plastic toxic  clinical  group,  is  the  smallest  of  any  of  the  groups 
except  the  advanced  hyperplastic  toxics  and  carcinomas. 

In  the  non-hyperplastics,  the  largest  amount  is  in  the  toxics 
with  low  blood-pressure  (23.8  mgm.),  while  in  the  atoxics  the 
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amount  averages  15  mgm.  It  should  be  noted  that,  though  the 
amount  of  iodin  in  the  portions  of  glands  removed  in  the  non-hyper- 
plastic  cases  is  greater  than  the  amount  removed  in  the  hyperplastic 
cases,  the  comparison  of  the  relative  amounts  in  the  total  gland  is 
not  made  on  the  same  basis,  since  in  the  non-hyperplastics  a  very 
much  larger  proportion  of  the  gland  is  removed  at  operation  (fre- 
quently as  much  as  -^f^)  than  is  removed  at  operation  in  hyperplastic 
cases  (rarely  more  than  ^). 

Thus,  it  is  probable  that  the  total  amount  of  iodin  in  the  entire 
gland  in  the  cases  of  hyperplastic  goiter  with  very  advanced  regres- 
sion averages  more  than  the  total  amount  of  iodin  in  the  entire 
gland  in  the  non-hyperplastic  cases. 

The  averages  of  the  total  iodin  of  patients  grouped  as  to  age  by 
half-decades  shows  no  order  or  regularity,  but  a  similar  grouping 
of  the  average  total  amounts  of  iodin  arranged  by  duration  of  goiter 
in  half-decades  results  as  is  shown  in  the  table  on  p.  432  and  also 
in  the  table  below. 


ADDENDUM   TO  TABLE   VII— TOTAL   IODIN  AND   DURATION   OF 

GOITER 


Duration  or  Goiter  in 
Half-decades 


5- 

5-f 
10-f 
15  + 
20+ 

25-h 
30-f 
35-1- 
40-h 


NOS-HTPEBPLASTIC    ToXIC 


Number  of 
Cases 


30 
21 
26 
23 
22 
19 
12 
8 
11 


Average  Total 
Iodin,  mom. 


19.6 
18.4 
21.3 
32.9 
28.3 
22.3 
22.1 
28.3 
28.3 


Non-btperplastic  Atoxic 


Number  of 
Cases 


23 

37 

28 

30 

20 

11 

1 

2 

3 


Average  Total 
Iodin.  mom. 


13.7 
12.3 
16.9 
16.9 
22.5 
14.0 
13.5 
16.2 
16.0 


While  there  are  considerable  fluctuations  in  the  total  amount  of 
iodin  present  at  the  different  half-decades,  the  most  constant  rela- 
tionship is  that  at  each  half-decade  the  total  amount  in  the  toxic 
cases  is  materially  more  than  is  the  total  amount  in  the  atoxic  cases. 

Table  VIII . — ^The  determination  of  the  a-iodin  has  been  made 
in  too  few  cases  to  make  the  average  percentages  of  much  compara- 

'15—28 
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tive  value,  there  being  but  30  cases  in  the  hyperplastic  group  and 
28  in  the  non-hyperplastic  group.  It  may,  however,  be  noted  that, 
in  those  groups  in  which  a  sufficient  number  of  cases  exist  for  com- 
parison, the  following  order  is  presented: 

In  the  cases  of  advanced  hyperplasia,  the  percentage  of  the 
total  iodin  in  the  a  form  is  16  (11  cases),  and  rises  to  35  (18  cases) 
in  the  advanced  regressions.  In  the  non-hyperplastic  cases,  if  the 
two  groups  with  toxic  symptoms  are  placed  together  (11  cases), 
the  average  percentage  of  the  total  iodin  in  the  a  form  is  30, 
while  in  the  atoxic  group  (16  cases)  the  average  percentage  is  34. 
Thus  it  will  be  seen  that  there  is  a  parallel  relationship  in  the  two 
groups,  though  until  further  data  are  obtained  no  great  significance 
can  be  attached  to  it. 

General  Discussion 

1.  The  data  herein  presented  furnish  additionail  proof  of  the 
statements  previously  made  by  one  of  us,'  that  the  symptom  com- 
plex, which  is  generally  recognized  as  "  typical  Graves'  disease,'* 
"exophthalmic  goiter,"  etc.,  and  sharply  denoted  by  Plummer  as 
hyperplastic  toxic  goiter,  is  constantly  parallel  in  all  its  stages  of 
development  and  regression  with  similar  stages  of  development  and 
regression  in  the  parenchyma  of  the  thyroid.  This  parallelism  is 
shown  in  the  average  duration  of  goiter,  the  average  duration  of 
toxic  symptoms,  and  in  the  progressive  and  regressive  histologic 
changes. 

Now,  for  the  first  time  in  detail  the  percentages  and  total 
amounts  of  iodin,  the  pathologic  groups,  and  the  clinical  types  have 
been  compared  in  the  same  series  of  cases.  As  pre\dously  suggested 
by  the  work  of  Smith  and  Broders,^^  a  close  parallelism  obtains 
throughout  the  data  from  the  three  sources. 

From  previous  investigations  there  seemed  to  be  little  doubt 
that  the  clinical  picture  of  exophthalmic  goiter  is  produced,  either 
directly  or  indirectly,  by  hyperactivity  of  the  thyroid;  but  until 
some  definite  substance  had  been  isolated  from  the  normal  thyroid 
and  from  the  pathologic  glands  and  shown  to  be  toxic  in  its  nature, 
no  final  conclusion  could  be  arrived  at.     The  isolation  in  pure  form 
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of  a  compound  containing  60  per  cent,  of  iodin,*^'  ^^'  ^*  and  the  proof 
that  this  substance  is  highly  toxic  in  nature,  emphasized  the  im- 
portance of  an  investigation  concerning  the  amount  and  nature  of 
the  iodin-containing  compounds  of  the  thyroid.  It  has  been  shown 
that  the  iodin  in  the  glands  exists  in  two  independent  forms  of 
combination,  only  one  of  which,  the  a  form,  is  toxic.  We  must 
therefore  enlarge  our  conception  of  the  physiologic  action  of  the 
iodin  compounds  to  include  the  action  of  this  one,  the  toxicity  of 
which  is  vastly  greater  than  that  of  any  other  hitherto  described. 

It  is  significant  to  find  that  this  a-iodin  compound  is  present  in 
the  actively  hyperplastic  glands  of  advanced  hyperplastic  toxic 
goiters  in  only  3V  to  ^^  the  amount  in  which  it  is  present  in  normal 
thyroids.  This  must  be  interpreted  not  as  a  reduced  production 
of  the  toxic  substance,  but  as  the  result  of  its  greatly  increased 
diffusion  from  the  gland  into  the  blood-stream.  There  is  no  quan- 
titative measure  of  the  secretory  activity  of  the  thyroid,  but  its 
storage  capacity  for  the  toxic  substance  is  obviously  proportional 
to  its  iodin  content.  If  further  observations  support  the  relatively 
few  herein  recorded,  it  would  seem  to  be  a  fair  assumption  that  the 
a-iodin  compound  is  responsible  for  the  toxic  symptoms  in  hyper- 
plastic toxic  goiter.  The  constant  direct  relationship  between  the 
clinical  symptoms  and  pathologic  picture  and  the  reservoir  capacity 
of  the  thyroid  in  hyperplastic  toxic  goiter  is  strikingly  shown  in 
Tables  VI,  VII,  and  VIII.  The  failure  on  the  part  of  other  pathol- 
ogists to  recognize  this  constant  association,  we  believe,  has  been 
due — (1)  to  failure  by  clinicians  to  distinguish  sharply  between 
hyperplastic  toxic  goiter  ("typical  acute  exophthalmic,"  "Graves' 
disease,"  etc.)  and  the  several  indeterminate  groups  of  non-hyper- 
plastic  toxic  goiter  ("atypical  chronic  Graves'  disease,"  "cardio- 
vascular goiter,"  etc.),  and  (2)  failure  to  recognize  the  fact  long 
ago  suggested,'  that  the  chemical  constituents  found  in  the  thyroid 
are  only  the  complement  of  those  which  must  have  gone  out  of  the 
gland  to  have  caused  symptoms. 

2.  The  relationship  of  the  pathology  and  chemistry  of  non- 
hyperplastic  thyroids  to  the  various  clinical  groups  of  toxic  and 
atoxic  non-hyperplastic  goiter  is  still  far  from  being  cleared  up. 
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This  is  due — (1)  to  the  diflSculty  in  accurately  grouping  these  cases 
clinically,  (2)  to  the  diflSculty  in  securing  accurate  information  as 
to  the  onset  and  course  of  the  chronic  symptoms,  and  (3)  to  the 
difficulty  in  interpreting  long  past  primary  pathologic  changes  in 
the  light  of  present  pathologic  and  chemical  findings,  since  most 
of  these  patients  seek  surgical  aid  many  years  after  the  beginning 
of  the  goiter,  and  probably  also  several  years  after  the  beginning 
of  symptoms.  That  the  relationship  of  the  histologic  changes  in 
the  thyroids  designated  as  epithelial  regenerations  is  parallel  with 
the  iodin  content  of  the  glands,  and  to  some  extent  with  the  clin- 
ical history  of  the  patients  from  whom  the  glands  were  removed, 
is  shown  in  the  several  tables. 

One  fact  running  through  all  the  tables  is  that  the  amount  of 
iodin  in  the  gland  parallels  the  clinical  grouping.  In  the  actively 
hyperplastic  glands  (group  B)  it  has  been  shown  that  the  amounts 
of  iodin  and  a-iodin  are  very  low,  but  in  cases  where  regression  has 
occurred  (group  C),  the  amounts  of  iodin  are  high.  In  contrast  to 
this  it  was  found  that  the  amount  of  iodin  in  the  non-h>'perplastic 
toxic  glands  is  higher  than  in  the  non-hyperplastic  atoxic  glands. 

The  clinical  picture,  in  its  most  severe  type,  of  patients  with 
non-hyperplastic  toxic  goiter,  approaches  in  many  respects  the 
picture  of  patients  with  hyperplastic  toxic  goiter.  Assuming  the 
same  toxic  substance  to  be  the  cause  for  all  thyroid  intoxication, 
the  factors  involved  to  produce  varying  clinical  pictures  are  the 
daily  amount  of  absorption  of  the  toxic  substance,  the  length  of 
time  during  which  this  intoxication  occurs,  and  the  personal  resis- 
tance of  the  patient.  At  present  we  have  no  conclusive  evidence 
explaining  the  higher  iodin  content  of  toxic  non-hyperplastic  glands 
than  that  of  the  actively  toxic  hyperplastic  glands,  but  it  seems 
probable  that  the  diflfusibility  from  the  gland  of  the  a>iodin  com- 
pound may  be  an  important  factor  in  determining  whether  or  not  a 
goiter  produces  toxic  symptoms. 

Further  rearrangements  of  the  clinical  groups  of  non-hyper- 
plastic goiter  are  in  progress  by  Hummer,  and  further  studies  of  the 
pathology  and  chemistry  of  the  thyroids  from  these  cases  are  now 
being  made  by  us  and  will  be  reported  later. 
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PATHOLOGIC  CHANGES  IN  THE  MUSCULAR 
AND  NERVOUS  SYSTEMS  IN  GOITER* 

LOUIS    B.    WILSON 


Clinical  Classification 
Clinically,  cases  of  goiter  for  a  long  time  have  been  roughly- 
grouped  as  exophthalmic  and  simple.  Plummer,  however,  has 
shown  that  such  a  classification  is  very  inadequate  and  does  not 
properly  represent  the  clinical  conditions  met  with.  Many  of  the 
cases  which  are  commonly  designated  "exophthalmic"  are  radi- 
cally different  in  their  mode  of  onset,  periods  of  progress,  and 
general  symptomatology  from  the  cases  which  every  one  readily 
recognizes  as  exophthalmic  goiter,  or  Basedow's  disease.  And,  on 
the  other  hand,  many  of  the  cases  of  so-called  "simple"  goiter,  on 
careful  clinical  analysis,  are  shown  to  be  far  from  simple,  exhibiting 
evidence  of  chronic  changes  in  vital  organs,  which  can  be  explained 
only  on  the  hypothesis  that  for  a  long  time  small  amounts  of  some 
well-marked  poison  have  been  acting  on  the  tissues. 

Pathologic  Relationships  of  the  Thyroid 
In  1908,  in  a  study  of  a  large  series  of  thyroids  removed  at  opera- 
tion from  cases  of  then  so-called  "exophthalmic  goiter,"  I  showed 
that  there  were  two  very  distinct  types  of  lesions  present  in  the 
glands.  In  one  group  were  thyroids  in  which  there  was  abundant 
evidence  of  early,  advanced,  or  regressing  hyperplasia  of  the  paren- 
chyma associated  severally  with  various  stages  of  complete  elimina- 
tion, partial  retention,  and  very  marked  retention  of  secretion.  In 
the  other  group,  no  evidence  of  these  three  stages  of  hyperplasia 

*  Reprinted  from  the  Bulletin  of  the  Fourth  District  Medical  Society  of  North 
Carolina,  December,  1915,  iii,  5-14. 
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and  associated  secretion  phenomena  could  be  found,  but  the  proc- 
ess, on  the  other  hand,  appeared  to  be  one  (a)  either  of  a  diffuse 
enlargement  of  the  thyroid  from  simple  retention  of  secretion  with- 
out overactivity  of  the  parenchyma,  followed  by  atrophy  of  the 
same,  or  (6)  the  same  process  with  secondary  regeneration  of  epi- 
thelium in  new  acini  within  the  walls  of  old  acini  lined  with  atrophic 
epitheUum,  or  (c)  definitely  encapsulated  adenomas  made  up  of 
acini  of  a  more  or  less  embryonic  appearance. 

In  a  similar  study,  made  in  1909,  on  a  large  series  of  thyroids 
from  so-called  "simple  goiter"  cases,  I  showed  that,  with  such 
exceptions  only  as  might  come  within  a  reasonable  margin  of  error, 
no  hyperplastic  glands  were  found,  and  that  all  the  cases,  on  the 
contrary,  exhibited  one  or  the  other  of  the  pictures  found  in  the 
second  class  from  so-called  "exophthalmic  goiter"  cases. 

Plummer,  in  reviewing  the  clinical  histories  of  the  cases  in 
which  I  had  made  pathologic  studies  of  the  thyroid,  noted  that 
there  were  certain  very  distinct  clinical  characteristics  in  those 
cases  in  which  the  thyroids  exhibited  evidence  of  present  or 
recent  hyperplasia  from  those  cases  in  which  no  such  hyperplasia 
existed.  He  was,  therefore,  led  to  designate  the  clinical  groups  of 
goiter,  the  clinical  e\'idence  for  the  existence  of  which  he  had  pre- 
viously observed,  according  to  the  pathologic  condition  present 
in  the  gland,  as  "hyperplastic  toxic,"  "non-hyperplastic  toxic," 
and  "non-hyperplastic  atoxic." 

The  first  group,  the  hyperplastic  toxic  cases,  every  experienced 
clinician  will  readily  recognize  as  containing  the  more  typical  cases 
of  the  old  so-called  "exophthalmic"  goiter  group.  The  third  class, 
the  non-hyperplastic  atoxics,  similarly  experienced  clinicians  will 
readily  recognize  as  containing  the  non-symptomatic  cases  of  the 
old  so-called  "simple"  goiter  group.  The  second  class,  the  non- 
hyperplastic  toxic,  is  the  one  most  diflBcult  to  recognize  clinically, 
and  the  one  on  which  the  greatest  diversity  of  opinion  concerning 
the  classification  therein  of  individual  cases  will  continue  to  exist 
among  clinicians  with  relatively  limited  experience  with  goiter. 
Broadly  speaking,  as  defined  by  Plummer,  the  characteristics  of 
this  class,  as  distinguished  from  hyperplastic  toxic  goiters,  rest  on — 
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(1)  Its  chronicity  (an  average  developmental  period  of  over  four- 
teen years,  as  compared  with  one  averaging  nine  months  in  hyper- 
plastic toxic  goiter) ;  (2)  the  relative  absence  of  acute  toxic  symp- 
toms (diarrhea,  tachycardia,  etc.);  (3)  the  absence  of  exophthal- 
mos (which,  however,  may  be  absent  also  in  hyperplastic  toxic 
goiter),  and  (4)  the  slow  development  of  symptoms  of  chronic  car- 
diovascular changes.  The  limitations  of  this  second  clinical  group* 
the  non-hyperplastic  toxic  goiters,  are  still  not  absolutely  complete 
nor  definite.  Plummer's  studies,  however,  have  gone  so  far  that 
during  the  last  three  years  in  the  Mayo  Clinic  the  margin  of  error 
in  diagnosis,  as  controlled  by  subsequent  pathologic  examination 
of  specimens  from  the  patients  operated  on,  has  been  reduced  below 
3  per  cent.  That  is,  the  pathologic  examination  of  thyroids  re- 
moved in  cases  which  had  been  diagnosed  clinically  as  hyperplastic 
toxic,  and  of  those  which  had  been  diagnosed  clinically  as  non- 
hyperplastic  toxic,  before  operation,  showed  that  the  clinician  had 
been  able  to  foretell  the  presence  or  absence  of  the  pathologic  hyper- 
plasia of  the  thyroid  in  97  per  cent,  of  the  patients. 

Since  the  histology  of  thyroids  from  non-hyperplastic  toxic 
goiter  cases  and  those  from  non-hyperplastic  atoxic  cases  is,  on  the 
whole,  indistinguishable,  and  also  since  there  is  no  way  as  yet  of 
accurately  measuring,  even  after  the  removal  of  the  gland,  the  total 
functional  capacity  of  its  parenchyma,  it  is  obvious  that  there  is  as 
yet  no  means  by  pathologic  observations  of  checking  the  accuracy 
of  the  clinical  diflferentiation  between  non-hyperplastic  toxic  goiter 
and  non-hyperplastic  atoxic  goiter.  This  problem  is  one  that 
Plummer  and  I  have  had  under  investigation  for  some  time,  but  we 
have  not  been  able  to  report  any  material  progress  therein.  It  is 
doubtful,  indeed,  if  any  pathologic  differentiation  may  ever  be 
shown  between  the  thyroids  from  chronic  toxic  cases  and  chronic 
atoxic  cases,  since  the  condition  of  the  gland  at  the  time  of  its 
removal  is  apt  to  be  far  different  from  its  condition  years  previous, 
at  which  time  it  was  responsible  for  slowly  developing  toxic  symp- 
toms. The  problem  is  further  complicated  also  by  the  not  infre- 
quent occurrence,  in  these  cases,  of  encapsulated  adenomas,  the 
clinical  and  pathologic  relationships  of  which  are  still  undeter- 
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mined.  From  the  clinical  standpoint,  the  data  are  often  incomplete 
and  inaccurate,  as  given  by  patients  in  histories  extending  over  a 
number  of  years.  From  the  pathologic  standpoint  it  is  incomplete, 
largely  from  the  fact  that  only  a  portion  of  the  gland  is  removed  at 
operation.  However,  as  the  clinician's  experience  broadens  he 
becomes  able  to  elicit  more  accurate  information  in  the  clinical 
histories,  and  parallel  with  this,  the  pathologist's  list  of  cases 
which  have  come  to  autopsy  and  thus  yield  complete  data  is 
gradually  increasing. 

Chemistry 

One  of  the  greatest  forward  steps  recently  taken  in  the  solution 
of  the  problems  of  goiter  has  been  that  by  Kendall,  who  had  dis- 
covered and  isolated  in  pure  crystalline  form  the  active  principle  of 
the  thyroid.  This  substance,  which  is  analogous  in  the  thyroid  to 
adrenalin  in  the  adrenal,  is  a  definite  chemical  compound  contain- 
ing 60  per  cent,  of  iodin.  It  occurs  in  the  thyroids  of  all  animals 
tested,  under  both  normal  and  pathologic  conditions.  It  is  asso- 
ciated in  the  thyroid  with  another  iodin  compound  or  compounds, 
the  exact  chemical  relationships  of  which  have  not  been  deter- 
mined, but  which  appeared  to  be  physiologically  relatively  inert. 
The  active  principle,  which,  for  the  sake  of  brevity,  Kendall  desig- 
nates as  "Alpha  "  iodin,  is  physiologically  a  highly  active  substance, 
and  in  even  relatively  small  amounts  very  toxic.  We  have  been 
accustomed  to  theorizing,  since  Baumann's  discovery  of  iodothyrin, 
on  the  activity  of  the  thyroid  simply  in  terms  of  its  iodin  content. 
However,  great  discrepancies  between  the  known  activity  of  dried 
thyroid  and  of  inorganic  iodin  compounds  of  relatively  much 
greater  iodin  content  have  been  often  noted.  The  explanation 
lies  in  Alpha  iodin,  the  physiologic  activities  of  which  are  to  iodin 
about  as  the  physiologic  activities  of  mercuric  chlorid  are  to  mer- 
cury. The  average  normal  individual  can  ingest  daily  several 
grains  of  almost  any  inorganic  compound  of  iodin  without  percep- 
tible physiologic  reaction.  On  the  other  hand,  the  administration 
of  ^V  grain  daily  of  Alpha  iodin  to  a  200-pound  healthy  athlete  will 
produce,  within  a  few  days,  some  of  the  characteristic  symptoms  of 
acute  exophthalmic  goiter,  such  as  nervousness  and  tachycardia. 
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Therapeutically,  Alpha  iodin  in  minute  doses,  xhs  grai°»  by 
mouth,  stimulates  the  growth  and  mental  activities  of  cretins  and 
of  patients  with  myxedema,  just  as  do  large  doses  of  desiccated 
thyroid.  Since  it  is  a  chemically  pure  substance,  however,  the  dose 
may  be  much  more  accurately  determined  than  that  of  desiccated 
thyroid,  specimens  of  which  vary  greatly  not  only  in  their  total 
iodin  content,  but  also  in  the  relative  amount  of  Alpha  iodin,  which 
they  contain. 

Kendall  and  I  have  recently  completed  a  comparative  study  of 
the  iodin  content  and  the  pathologic  histology  of  thyroids  from 
some  500  cases  of  goiter.  Without  going  into  detail,  I  may  say 
Ihat  in  every  respect  this  study  bears  out  what  I  have  previously 
shown,  that  in  hj'perplastic  toxic  goiter  the  histologic  condition  of 
the  gland  is  an  accurate  index  of  the  clinical  condition  of  the  patient 
when  the  essential  fact  is  taken  into  account  that  it  must  be  the 
secretion  which  is  made  in  the  gland  and  has  gone  out  therefrom 
which  is  causing  symptoms,  rather  than  the  complementary  secre- 
tion which  is  stored  up  within  the  gland.  Thus  we  found  that  in 
the  thyroids  showing  early  hypertrophy  and  hyperplasia,  removed 
from  patients  with  early  hyperplastic  toxic  goiter,  the  relative 
amount  of  to  al  iodin  and  of  Alpha  iodin  is  lower  than  normal, 
that  in  the  thyroids  with  advanced  hyperplasia  from  patients 
with  well-advanced  hyperplastic  toxic  goiter  the  amount  of  total 
iodin  and  of  Alpha  iodin  within  the  gland  is  reduced  to  a  very  low 
point,  and  that  in  thyroids  with  regressing  hyperplasia,  and  the 
associated  storage  of  secretion,  removed  from  patients  with  regress- 
ing hyperplastic  toxic  goiter,  the  total  amount,  both  of  iodin  and  of 
Alpha  iodin,  returns  to  the  normal  level,  and  in  very  advanced 
cases  is  on  the  average  materially  higher  than  normal.  This  latter 
observation  suggests  that  the  process  of  elaboration  of  the  iodin 
compound  within  the  gland  has  gone  on  in  excess  even  after  the 
mechanisffi^fer  its  delivery  into  the  circulation  has  been  so  modified 
as  to  cause  again  its  normal  or  overstorage. 

Thus  it  would  appear  that,  whether  or  not,  the  active  principle. 
Alpha  iodin  of  the  thyroid,  ever  becomes  of  great  therapeutic  value, 
though  this  is  highly  probable,  its  discovery  and  isolation  have 
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added  the  needed  conclusive  evidence  to  prove  the  theory  that 
hyperplastic  toxic  (exophthalmic)  goiter  is  due  to  overf unction  and 
overelimination  in  the  thyroid.  We  hope  in  time  to  be  able  to  show 
its  further  relationships,  if  they  exist,  in  the  production  of  symp- 
toms of  non-hyperplastic  toxic  goiter,  and  the  absence  of  toxic 
symptoms  in  non-hyperplastic  atoxic  (simple)  goiter.  At  present 
we  are  especially  concerned  with  its  activity  on  muscular  tissue, 
and  it  is  this  phase  of  the  study  which  has  led  us  to  investigate  the 
changes  in  the  myocardium  in  cases  of  goiter. 

Clinical  Evidence  of  Muscular  Involvement  in  Goiter 
The  clinical  evidence  of  involvement  of  the  skeletal  muscles  in 
hyperplastic  toxic  (exophthalmic)  goiter  has  long  been  well  recog- 
nized. This  is  most  marked  in  the  evident  weakness  of  the  quad- 
riceps extensor,  as  shown  by  the  patient's  weakness  in  raising  the 
feet  to  go  upstairs,  or  to  mount  the  step  of  the  examining  table.  It 
is  shown  also  in  the  very  frequent  evident  weakness  of  the  inter- 
costals,  and  in  the  apparent  weakness  of  the  diaphragm,  as  exhibited 
in  the  hurried,  shallow  respirations  of  patients  with  exophthalmic 
goiter.  It  is  probable  also  that  one  of  the  two  large  factors  in  the 
production  of  exophthalmos  itself  is  the  weakness  and  relaxation  of 
the  recti  muscles  of  the  eye.  In  the  heart,  tachycardia  and  cardiac 
dilatation  have  long  been  considered  cardinal  clinical  symptoms  in 
the  syndrome  of  toxic  goiter.  Up  to  the  present,  however,  no 
extensive  studies  have  been  made  of  the  changes  in  the  muscle- 
fibers  and  in  their  controlling  nervous  mechanism  in  goiter. 

Cardiac  Lesions 
In  a  recent  analysis  of  the  lesions  discovered  in  1244  consecutive 
autopsies  made  in  the  Mayo  Clinic,  I  was  struck  with  the  fact  that 
the  gross  evidence  of  myocardial  change  had  been  noted  in  71  per 
cent,  of  all  cases  of  goiter,  a  percentage  very  materially  higher  than 
had  been  noted  grossly  in  cases  of  cancer,  44  per  cent.,  diseases  of 
the  respiratory  system,  44  per  cent.,  diseases  of  the  liver  and  gall- 
bladder, 48  per  cent.,  diseases  of  the  genito-urinary  organs,  49  per 
cent.,  and  of  syphilis,  60  per  cent.     Though  these  observations 
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were  based  on  gross  appearance  alone,  the  lead  of  the  goiter  cases 
was  very  marked.  But  when  we  turn  to  the  microscopic  evidence 
of  myocardial  damage,  we  find  that  the  percentage  of  involvement 
is  even  greater.  Thus,  out  of  100  autopsies  of  cases  of  goiter  the 
heart  shows  gross  or  microscopic  lesions,  or  both,  in  the  myocar- 
dium in  practically  every  case.* 

Histologically,  the  chief  changes  are  shown  in  the  myocardium 
in  the  very  extensive  fatty  degeneration  of  the  fibers.  This  is  most 
marked  in  the  preparations  stained  with  Sudan  III,  and  by  silver 
impregnation  methods.  The  fatty  masses,  when  in  small  amounts, 
are  collected  in  the  fiber  at  the  poles  of  the  nucleus,  and  in  many 
instances  in  which  specific  stains  for  fat  have  not  been  used,  have 
been  mistaken  for  extensive  deposits  of  the  "brown  pigment  of 
brown  atrophy."  When  the  degeneration  is  more  advanced,  the 
fatty  deposits  are  found  in  large  amounts  more  or  less  filling  the 
whole  muscle-fiber. 

One  of  the  most  striking  things  in  the  study  has  been  the  dis- 
covery of  sharp  limitations  of  the  fatty  deposits  to  certain  bundles 
of  muscle.  Where  two  or  more  bundles  of  muscle  lie  side  by  side, 
or  superimposed  over  each  other,  it  is  common  to  find  all  the  fibers 
of  one  bundle  markedly  infiltrated  with  fat,  while  those  immedi- 
ately contiguous  to  it  are  relatively  or  wholly  free.  At  the  outset 
this  was  sufficient  to  show  the  futility  of  cursory  examinations  of 
relatively  small  blocks  of  tissue  removed  at  random  from  the  car- 
diac wall.  It  is  only  by  a  careful  study  of  sections  accurately 
orientated  with  relation  to  their  source  from  different  muscle- 
bundles,  and  a  comparison  of  the  condition  of  these  bundles  in 
hearts  from  a  large  number  of  cases,  that  we  may  hope  to  arrive  at 
any  solution  of  the  intricate  problems  involved.  This  will  mean  the 
detailed  study  of  a  large  number  of  hearts,  a  study  which  is  now 
in  progress.  So  far  I  can  report  only  that  apparently  most  of  the 
muscle-bands  involved  lie  in  the  middle  circumferential  laminie  or 
in  those  next  the  endocardium.    The  muscle-bands  next  the  peri- 

*  The  tissut  from  a  few  of  the  autopsies  made  prior  to  1910  was  not  available 
for  the  present  study,  owing  to  its  loss  of  identity  during  accidental  flooding  of  the 
museum  at  that  time. 
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cardium  are  in  general  not  nearly  so  much  degenerated,  though 
they  may  show,  more  than  elsewhere,  the  segmentation  and  frag- 
mentation so  common  in  numerous  other  pathologic  processes. 

It  is  now  fairly  well  established  that  Virchow's  supposition  is  in- 
correct that  the  fat-droplets  found  within  muscle-fibers  are  due  to 
a  change  of  the  muscle-substance  itself  into  fat.  In  other  words, 
the  so-called  fatty  degeneration  of  muscle  is  probably  not,  for  the 
most  part,  if  at  all,  a  true  fatty  degeneration  per  se,  but  it  is  a 
rather  fatty  infiltration  following  a  degeneration  of  the  muscle- 
fiber.  However,  the  essential  fact  for  us  to  consider  is  that  it  does 
indicate  a  degeneration  of  the  fiber,  and  consideration  of  the  factors 
causing  this  degeneration  is  our  next  concern. 

That  the  degeneration  of  the  muscle-fibers  of  the  heart  is  caused 
directly  by  the  action  of  toxic  substance  on  the  muscle-fiber  itself 
is  rendered  doubtful  by  the  irregular  distribution,  which  I  have 
previously  noted.  It  is  difficult  to  conceive  of  a  toxic  substance 
circulating  freely  in  the  blood-stream,  and  thus  carried  to  all  prob- 
ably equally  exposed  bundles  of  muscles  of  the  heart,  and  yet  aflPect- 
ing,  and  that  intensely,  isolated  muscle-bundles,  while  others  in 
immediate  opposition  thereto  are  affected  but  slightly  or  not  at  all. 
Clinically,  also,  it  is  difficult  to  see  why  any  substance  so  circulating 
within  the  blood-stream  should  select  certain  of  the  skeletal  mus- 
cles, as  the  quadriceps  extensor,  the  intercostals,  and  the  recti 
muscles  of  the  eye,  to  the  relative  exclusion  of  the  other  skeletal 
muscles.  While  not  denying  the  impossibility  of  such  a  selective 
action  directly  on  the  muscle-fibers,  we  have  been  led  to  look  further 
for  explanation  of  the  phenomena  in  the  possible  involvement  of 
certain  nerve  ganglia  controlling  muscular  activity. 

Part  Played  by  Nervous  System 
It  is  well  known  clinically  that  many  vascularly  distributed 
substances  have  a  selective  action  for  certain  nerve  ganglia,  as 
witness  post-diphtheritic  paralysis,  herpes  zoster,  etc.  Surgically, 
it  has  been  found  that  some  reduction  of  exophthalmos  may  be 
produced  by  the  excision  of  cervical  sympathetic  ganglia. 

Recently,  Durante  and  I  have  made  a  study  of  the  cervical 
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sympathetic  ganglia  removed  from  16  cases  of  goiter  and  as  controls 
from  a  number  of  normal,  both  young  and  old,  individuals,  coming 
to  autopsy.  The  evidence  of  destructive  changes  in  the  ganglion- 
cells  in  the  cases  of  goiter  is  most  marked  in  those  in  which  the 
symptoms  suggested  the  possible  overactivity  of  the  cervical  sym- 
pathetic nerves,  while,  conversely,  changes  in  cervical  sympathetic 
ganglia  removed  from  cases  not  clinically  so  affected  show  slight 
or  no  changes.  These  histologic  changes  consist  in — (a)  fatty 
deposits  within  the  ganglion-cells  indicating  their  previous  degener- 
ation; (6)  atrophy  and  reduction  in  the  number  of  ganglion-cells, 
and  (c)  diffuse  fibrosis  of  the  entire  ganglion.  Unfortunately,  we 
have  not  been  able  to  correlate  these  studies  in  cases  of  exophthal- 
mos with  histologic  studies  of  the  recti  muscles  of  the  eye  in  the 
same  cases,  since  the  eyes  were  not  removed.  However,  autopsy 
material  from  exophthalmic  goiter  cases  is  gradually  accumulating, 
and  no  doubt  enough  will  be  at  hand  ere  long  to  form  a  basis  for 
extensive  investigation. 

From  work  already  done,  the  working  hypothesis  may  be  formu- 
lated that  in  hyperplastic  toxic  goiter  the  thyroid  is  first  excited  to 
overfunction  by  a  stimulus  originating  in  the  gland  itself  or  in  the 
autonomic  nervous  system,  that  the  excessive  secretion  of  the  over- 
working gland  containing  an  abnormally  large  amount  of  highly 
toxic  Alpha  iodin  is  delivered  into  the  circulation  and  finds  its  way 
(a)  to  certain  selected  ganglia  of  the  sympathetic  nervous  system, 
thus  stimulating  muscular  and  glandular  organs  to  overactivity, 
resulting  in  symptoms  referable  to  such  increased  function,  and 
in  symptoms  referable  to  the  decreased  function  of  such  muscles  or 
glandular  organs  which  follows  their  inevitable  degeneration  from 
overwork;  and  (b)  directly  to  the  other  non-skeletal  tissues  of  the 
body,  in  some  of  which  it  produces  a  direct  chemical  change.  Coin- 
cident with  the  degeneration  of  the  muscle  and  glandular  tissue 
there  is  probably  also  degeneration  of  the  ganglion-cells  controUing 
them.  We  must  not  overlook  the  possibility  that  the  primary 
lesion  in  hyperplastic  toxic  goiter  may  be  bacterial  or  other  stimu- 
lation of  the  cervical  sympathetic  ganglia.  Cannon's  recent  experi- 
ments in  the  production  of  many  of  the  symptoms  of  hyperplastic 
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toxic  goiter  by  crossed  physiologic  stimulation  of  the  cervical  sym- 
pathetic through  its  anastomosis  with  fibers  of  the  phrenic  nerve 
strongly  suggest  this. 
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STUDIES  IN  BLOOD-PRESSURE 
I.    Blood-pressure  and  Thyrotoxicosis  * 

HENRY    S.    PLUMMER 


In  a  paper  presented  before  this  Society  two  years  ago  the  term 
"thyrotoxicosis"  was  applied  to  the  constitutional  state  or  states 
that  may  be  associated  with  goiter.  It  was  not  my  intention  to 
include  such  definite  pictures  of  hypothyroidism  as  myxedema  and 
cretinism.  Sufficient  evidence  was  presented  to  demonstrate  that 
exophthalmic  goiter  is  a  definite  clinical  entity,  always  associated 
with  hyperplastic  thyroid.  To  show  this  relationship,  and  for  the 
reason  that  no  definite  relationship  can  be  established  between  the 
various  other  pathologic  pictures  found  in  the  thyroid  and  the  con- 
stitutional states  accompanying  them,  the  following  classification 
was  tentatively  used:  (1)  Hyperplastic  toxic;  (2)  hyperplastic 
atoxic;  (3)  non-hyperplastic  toxic;  (4)  non-hyperplastic  atoxic. 

Of  the  patients  coming  to  operation,  approximately  32  per  cent, 
are  hyperplastic  and  68  per  cent,  non-hyperplastic. 

Of  the  patients  having  hyperplastic  goiter,  99.2  per  cent,  have 
toxic  symptoms  and  0.8  per  cent,  are  atoxic.  Very  small  areas 
of  hypertrophy  and  hyperplasia  are  disregarded  in  this  classifica- 
tion. Of  the  patients  having  non-hyperplastic  goiter,  from  20  per 
cent,  to  32  per  cent,  are  toxic,  and  from  68  per  cent,  to  80  per  cent, 
atoxic. 

The  onset  of  exophthalmic  goiter  is  relatively  acute,  and  the 
course  of  the  disease  fairly  definite.  The  order  of  onset  of  the  more 
important  symptoms,  based  on  the  average  of  our  series,  is  as  fol- 
lows:   (1)  Mental  excitation;    (2)  vasomotor  disturbances;    (3) 

*  Read  before  The  Association  of  American  Physicians,  May,  1915.  Reprinted 
from  the  Transactions  of  the  Association,  1915,  xxz. 
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tremor;  (4)  mental  irritability;  (5)  tachycardia;  (6)  loss  of  strength; 
(7)  cardiac  insufficiency;  (8)  exophthalmos;  (9)  loss  of  weight;  (10) 
diarrhea;  (II)  vomiting;  (12)  mental  depression. 

All  of  the  associated  facts  make  it  seem  probable  that  the  syn- 
drome accompanying  hyperplastic  thyroid  is,  in  the  main,  attribu- 
table to  a  toxin  in  some  way  associated  with  a  i>erverted,  deficient, 
or  excessive  thyroid  function.  Assuming  an  overactivity,  we  can, 
for  the  purpose  of  associating  our  observation,  in  a  general  way 
point  out  the  action  of  the  product  of  this  activity.  The  eflFect  of 
small  doses  continued  over  a  relatively  short  time  is  cerebral  excita- 
tion, vasomotor  dilatation,  rise  in  systolic  blood-pressure,  stimula- 
tion of  the  heart,  and  general  metabolism.  Moderate  doses  caiise 
cerebral  irritability,  mental  and  muscular  incoordination,  free 
perspiration,  loss  of  weight,  loss  of  strength,  and  cardiac  insuffi- 
ciency. Large  doses  exaggerate  the  preceding  effects;  mental 
depression  follows  cerebral  irritability;  vomiting  and  nausea  result 
from  a  dose  but  little  short  of  fatal.  Relatively  small  doses  con- 
tinued over  a  longer  period  give  rise  to  the  evidence  of  more 
permanent  types  of  damage,  such  as  auricular  fibrillation,  hyper- 
tension, etc. 

The  degree  of  acute  intoxication  is  indicated  by  the  symptoms 
directly  attributable  to  the  nervous  system,  and  the  cardiac 
damage  is,  in  a  broad  way,  indicative  of  the  degree  of  chronic 
intoxication. 

Assuming  the  same  toxin  to  be  active  in  non-hyperplastic  toxic 
goiter,  still  smaller  doses  acting  over  a  longer  period  may,  without 
evidence  of  acute  intoxication,  lead  to  myocardial  degeneration. 
The  history  and  findings  may  not  materially  differ  from  those  of 
myocardial  damage  arising  from  other  toxins.  May  a  smaller  dose, 
insufficient  to  cause  either  symptoms  of  acute  intoxication  or 
myocardial  insufficiency,  lead  to  a  cardiovascular  syndrome,  with 
high  blood-pressure,  and  ultimately  to  a  true  arterial  hypertension? 
Most  of  the  variations  in  the  course  and  severity  of  thyrotoxi- 
cosis can  be  conceived  by  an  equation,  the  factors  of  which  are :  the 
dose  of  the  toxin,  the  length  of  its  administration,  and  the  general 
and  local  susceptibility  of  the  person  to  the  toxin.    This  concep- 
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tion  in  no  way  invalidates  the  possibility  of  an  antitoxic  action, 
relation  of  the  thyroid  to  other  ductless  glands,  more  or  less  perver- 
sion of  the  thyroid  secretion,  etc. 

Patients  coming  to  operation  with  non-hyperplastic  toxic  goiter 
give  a  history  of  having  first  noticed  the  goiter  at  the  average  age  of 
twenty-two  years,  and  the  evidence  of  intoxication  at  the  average 
age  of  36.5  years.  The  corresponding  ages  for  hyperplastic  goiter 
are  respectively  32  and  32.9  years.  Eliminating  the  cases  in  which 
there  is  definite  reason  for  thinking  that  the  hyperplasia  was  in- 
grafted on  a  preceding  non-hyperplastic  goiter,  the  average  interval 
is  only  3.5  months. 

More  than  half  of  these  patients  seen  in  our  clinic  come  under 
observation  within  a  year  after  the  onset  of  the  symptoms.  If  the 
average  course  of  the  intoxication  be  represented  by  a  curve,  the 
greatest  height  is  reached  during  the  latter  half  of  the  first  year. 

Considered  in  the  aggregate,  hyperplastic  goiter  develops  rap- 
idly, leads  to  an  intense  intoxication,  accompanied  by  marked  dis- 
turbance of  the  nervous  system  and  cardiac  damage. 

On  the  other  hand,  toxic  symptoms  develop  in  cases  having  non- 
hyperplastic  thyroid  only  after  the  elapse  of  fourteen  and  a  half 
years  (average).  Myocardial  damage,  on  the  whole,  dominates 
the  fully  developed  clinical  picture.  In  a  small  percentage  of  cases 
the  intoxication  is  of  sufficient  intensity  to  produce  a  syndrome 
simulating  that  of  early  mild,  or  atypical,  but  never  that  of  frank, 
fully  developed,  exophthalmic  goiter. 

In  63  of  the  916  cases  of  non-hyperplastic  goiter  coming  to 
operation  in  1914  an  enlarged  heart,  with  low  blood-pressure,  was 
noted.  In  at  least  50  per  cent,  of  these  cases,  considered  individu- 
ally, there  was  but  little  evidence  to  suggest  thyroid  intoxication 
except  the  associated  goiter. 

Many  patients  give  a  history  dating  back  three,  four,  or  more 
years  to  an  indefinite  onset  of  loss  of  strength,  loss  of  weight,  pal- 
pitation, etc.,  terminating  in  the  evidence  of  cardiac  incompetency 
that  brings  them  to  the  Clinic  for  the  resection  of  a  goiter  first  noted 
twenty  years  before.  Occasionally  a  severe  thyrotoxic  syndrome 
develops  suddenly,  as  it  were,  from  the  dumping  of  a  stored-up 
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toxin  into  the  circulation.  It  is  not  my  purpose  to  go  into  the 
various  phases  and  types  of  thjToid  intoxication  further  than  to 
lead  up  to  the  suggestion  that  the  non-hyperplastic  thyroid  may 
possibly  be  in  some  way  associated  with  a  chronic  intoxication,  and 
that  the  toxic  agent  may  be  active  for  years  preceding  the  condition 
that  we  recognize  as  thjTotoxicosis.  From  this  it  is  but  a  step  to 
the  conception  that  a  still  lower  degree  of  intoxication  might,  in 
the  course  of  years,  lead  to  a  cardiovascular  syndrome  with  hyper- 
tension. 

The  average  high  systolic  blood-pressure  attending  hyperplastic 
goiter  is  shown  in  Tables  II,  III,  and  IV.  The  high  pulse  pressure, 
with  the  well-known  vasomotor  phenomena  in  exophthalmic  goi- 
ter, leads  to  the  almost  unquestionable  conclusion  that  there  is  no 
vascular  hypertension  in  this  condition.  The  high  systolic  pressure 
is  essential  to  the  maintenance  of  a  normal  diastolic  blood-pressure 
in  these  cases  having  a  low  peripheral  resistance.  In  many  cases 
even  a  normal  diastolic  pressure  is  not  maintained.  That  the  long- 
continued  intoxication  associated  with  the  hyperplastic  thyroid 
may  lead  to  hypertension  is  probable.  Evidence  to  show  this  will 
not  be  considered  in  this  paper.  On  the  other  hand,  an  unduly 
open  peripheral  vascular  system  is  occasionally  present  in  patients 
recovered  from  exophthalmic  goiter.  The  height  of  the  systolic 
blood-pressure  in  exophthalmic  goiter  is  somewhat  indicative  of  the 
degree  of  intoxication. 

Table  II,  giving  the  average  blood-pressure  readings  for  non- 
hyperplastic  goiter  cases  by  half  decades,  at  once  demonstrates  the 
association  of  high  systolic  blood-pressure  with  this  condition, 
unless  there  are  in  the  series  many  cases  in  which  the  association  of 
the  goiter  and  the  high  blood-pressure  is  accidental.  To  be  further 
assured  of  the  association  of  high  blood-pressure  with  non-hyper- 
plastic goiter,  the  percentage  of  patients  over  forty  years  of  age 
having  a  systolic  blood-pressure  above  160  was  compiled  for  hyper- 
plastic goiter,  non-hyperplastic  goiter,  cholecystitis  with  stones, 
uterine  myoma  and  syphilis,  conditions  all  tending  to  produce  high 
blood-pressure. 
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TABLE  I.— 1745  CASES  OF  XOX-HYPERPLASTIC  GOITER 
Average  Blood-pressure — H.\LF-DErADEa 


Ages 


10-15 
15-20 
20-25 
25-30 
30-35 
35-40 
40-^5 
45-50 
50-55 
55-60 
60-^ 
65-70 
70-75 
75-80 


Cases 


15 

63 

128 

190 

235 

253 

246 

214 

204 

131 

47 

13 

4 

2 


Systolic  Blood- 

Diastolic  Blooi>- 

pressure  Average 

PRKsiMURE    Average 

118.5 

72.5 

120.7 

77.7 

128.1 

80.2 

123.8 

80.5 

126.9 

81.2 

134.9 

83  6 

136.4 

85.2 

145.8 

87.3 

150.2 

87.1 

152.6 

87.5 

160.7 

88.6 

164.6 

83.3 

166.2 

87.5 

106.0 

65.0 

TABLE  II.— 847  CASES  OF  HYPERPLASTIC  GOITER 
Average  Blood-pressi^re — Hai^f-decades 


Ages 

Cases 

SrsTOLic  Blood- 
pressure  Average 

DiASTouc  Blood- 

PRESSURB   AVERAOB 

10-15 

14 

58 

110 

164 

139 

106 

93 

94 

47 

17 

5 

0 

188.5 
139.4 
137.8 
139.6 
140.8 
155.2 
145  1 
153.1 
152.4 
160.6 
160.0 
000.0 

68.8 

15-20 

75  9 

20-25 

70.7 

25-30 

75  2 

30-35 

78.7 

85-40 

75.6 

40-45 

76.7 

45-50 

77.8 

50-55 

77  0 

55-60 

77.7 

60-65        .    ... 

71  2 

65-70 

00  0 

TABLE  III. 


-PERCENTAGE  OF  PATIENTS  MORE  THAN  FORTY  YEARS 
OF  AGE  HAVING  HIGH  BLOOD-PRESSURE 


Hyperplastic  goiter 

Non-hyperplastic  goiter . 
Cholecystitis  with  stones 

Uterine  myoma 

Positive  Wassermann .  .  . 


Systouc  Blood- 

Ststouc 

Cases 

pREvtURE  Above 

Blood-pressurb 

150 

Above  160 

Per  cent. 

Per  cent. 

117 

47-h 

34 

417 

35 

27 

289 

18 

100 

25 

15 

100 

21 

14 
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TABLE  IV.— PERCENTAGE  BY  DECADES  OF  PATIENTS  HAVING  A 
BLOOD-PRESSURE  ABOVE  160 


Ages 

io-«o 

«a-30 

30-40 

40-50 

50-«0 

60-70 

Hyperplastic  goiter  .... 
Non-hyperplastic  goiter 

Per  cent. 
12 

1 

Per  cent. 

17 

2 

Per  cent. 

22 
7 

Per  cent. 
30 
21 

Per  cent. 
37 
31 

Per  cent. 

100 

20 

Table  IV  shows  the  percentage  of  patients  from  the  second  to 
the  sixth  decade  having  systolic  blood-pressure  above  160.  The 
average  blood-pressure  and  percentages  given  in  this  paper,  except 
those  in  Tables  I  and  II,  include  only  the  patients  operated  on  in 
1914.  The  figures  compiled  for  1912  and  1913  cases,  on  which  this 
paper  was  originally  based,  do  not  materially  diflFer.* 

That  27  per  cent,  of  patients  having  non-hjrperplastic  goiter 
above  forty  years  of  age  are  accompanied  by  a  systolic  blood-pres- 
sure above  160  eliminates  the  question  of  an  accidental  association. 
This  question  has  been  checked  by  much  data,  the  publication  of 
which  is  unnecessary.  Is  this  high  percentage  of  cases  having  a 
high  systolic  blood-pressure  due  to  the  inclusion,  in  this  series,  of  a 
large  number  of  non-hyperplastic  goiters  accompanied  by  acute 
intoxication? 

Further  consideration  of  the  relation  of  high  blood-pressure  to 
non-hyperplastic  goiter  is  facilitated  by  grouping  the  cases  of  non- 
hyperplastic  goiter  coming  to  operation  in  1914  as  follows: 

Group  I, — Symptomatically  negative,  systolic  blood-pressure 
below  160—582  cases. 

Group  II. — Symptomatically  positive,  systolic  blood-pressure 
below  160 — 224  cases. 

Group  III. — Symptomatically  negative,  systolic  blood-pressure 
below  160—36  cases. 

Group  IV. — Symptomatically  positive,  systolic  blood-pressure 
above  160 — 74  cases. 

*  They  are  not  publbhed  here,  as  they  were  not  compiled  on  quite  the  same 
basis,  and  are  not  comparable  without  confusing  explanation,  and  the  1914  statistics 
are  more  accurate.  I  will  not  encumber  the  paper  with  any  discussion  regarding 
the  accuracy  of  the  statistics  further  than  to  state  that  there  may  be  an  occasional 
high  reading  which  would  be  much  more  than  offset  in  the  tables  giving  percentages 
by  the  inclusion  of  the  non-operated  patients  having  high  blood-pressure. 
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Group  I  includes  the  cases  in  which  there  is  little,  if  any,  evi- 
dence of  disturbed  thyroid  function.  The  average  systolic  blood- 
pressure,  however,  is  high  for  the  patients  over  thirty-five. 

Group  II  includes  the  patients  having  a  systolic  blood-pressure 
below  160,  diagnosed  as  toxic  non-hyperplastic  goiter.  In  this 
group  are  to  be  found  many  cases  that  some  diagnosticians  would 
include  with  the  exophthalmic  goiters. 

Group  III,  symptomatically  negative,  systolic  blood-pressure 
above  160.  These  cases  came  imder  observation  without  any 
notable  complaint  except  the  presence  of  the  goiter.  The  findings 
range  from  little  more  than  the  high  systolic  blood-pressure  to  those 
of  a  well-developed  cardiorenal  syndrome. 

Group  IV,  symptomatically  positive,  systolic  blood-pressure 
above  160.  While  many  of  the  cases  in  this  group  are  markedly 
thyrotoxic,  this  can  be  excluded,  and  the  symptoms  definitely 
attributed  to  the  high  blood-pressure,  cardiovascular  or  cardiorenal 
syndrome  in  37. 

Including  the  37  cases  in  Group  IV  with  Group  III,  systolic 
blood-pressures  above  160  were  noted  without  any  tangible  evi- 
dence of  thyrotoxicosis  in  18.1  per  cent,  of  all  patients  over  forty 
years  of  age.  This  percentage  seems  to  definitely  establish  the  associ- 
turn  of  high  systolic  blood-pressure  with  non-hyperplastic  goiter y  unac- 
companied by  definite  evidence  of  thyrotoxicosis. 

Of  the  110  patients  having  a  systolic  blood-pressure  of  over  160, 
30  had  a  diastolic  blood-pressure  above  105.  While  it  may  not  be 
true  of  individual  cases,  there  can  be  no  doubt  that  this  group  with 
high  diastolic  readings  has  more  or  less  permanent  cardiovascular 
damage. 

What  the  relation  may  be  between  these  cases  and  the  cases 
having  a  relatively  low  diastolic  blood-pressure  and  a  high  systolic 
blood-pressure  we  have  not  sufficient  evidence  to  answer.  It  was 
my  purpose  to  present  in  this  paper  much  evidence  that  seems  to 
suggest  that  the  high  systolic  blood-pressures,  though  often  transi- 
tory, are  due  to  the  same  factors  that  later  lead  to  high  diastolic 
blood-pressure  and  permanent  cardiovascular  changes.  This  leads 
into  so  complete  an  analysis  of  the  material  that  I  have  found  it 
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impossible  to  handle  the  necessary  statistical  matter  in  time  for 
publication  in  this  paper. 

I  wish  to  again  call  attention  to  the  fact  that  the  clinical  syn- 
dromes associated  with  hyperplastic  and  non-hyperplastic  goiter 
are,  for  the  purpose  of  this  article,  in  the  main  attributed  to  the 
products  of  an  overactive  thyroid  only  as  a  convenient  hypothesis. 
However,  the  establishment  of  exophthalmic  goiter  as  a  definite 
entity  associated  with  hyperplastic  thyroid  (Plummer);  the  rise 
and  fall  in  the  clinical  evidence  of  intoxication,  corresponding  with 
the  development  and  regression  of  the  hyperplasia  (Wilson) ;  and 
the  separation  of  a  pure  chemical  compound  from  the  thyroid 
(Kendall),  having  a  physiologic  action  closely  in  line  with  that 
assumed  for  thyrotoxicosis,  almost,  if  not  fully,  warrants  accepting 
this  assumption  as  an  established  fact  for  hyperplastic  toxic  goiter. 
(It  is  probable  that  all  hyperplastic  goiters  are  delivering  a  product 
above  the  normal.)  The  consideration  of  the  clinical  picture  in  all 
its  aspects  alone  leaves  but  little  room  for  doubt.  That  the  same 
or  a  modified  product  is  in  some  way  associated  with  the  thyrotoxi- 
cosis of  non-hyperplastic  goiter  is  almost  equally  well  established. 
The  facts  suggest  that  the  hyperplastic  thyroid  is  constantly  deliv- 
ering this  product  into  the  circulation,  while  they  offer  the  theory 
that  the  non-hyperplastic  goiter  may,  relative  to  the  demands, 
either  retain  or  deliver  its  product,  the  periods  of  overdelivery 
leading  to  thyrotoxicosis. 

If  we  associate  the  arterial  hypertension  with  non-hyperplastic 
goiter,  the  problem  becomes  more  complex,  and  it  is  perhaps  best 
to  stop  with  the  conception  that  the  thyroid  is  not  properly  per- 
forming its  function.  Returning  to  facts,  I  wish  to  emphasize  the 
point  that  I  have  left  open  the  question  of  the  association  of  arte- 
rial hypertension  and  goiter. 
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The  apparent  prevalence  and  increase  in  goiter  have  aroused 
much  interest  in  the  subject  during  the  last  few  years.  The  serious 
consideration  of  the  mortality  incident  to  disease  of  the  thyroid  is  a 
subject  worthy  of  study.  Recording  the  dangers  of  surgical  mor- 
tality will  be  of  general  benefit,  since  in  the  report  of  operative 
deaths  lies  the  best  incentive  to  avoid  the  dangers,  low  though  they 
may  be,  of  late  operation  by  early  treatment.  WTien  surgery  is 
indicated,  an  early  operation  will  avoid  both  the  long  period  of 
disability  before  operation,  and  the  slow  convalescence  occurring 
after  late  operations. 

Deficiency  of  Thyroid, — ^The  defect  of  being  bom  without  a 
thyroid  results  in  the  unintelligent  human  dwarf  who  seldom 
reaches  the  age  of  puberty.  These  children  are  known  as  cretins, 
and  may  be  somewhat  benefited  by  thyroid  feeding.  Some  cretins 
are  born  with  a  goiter  of  the  fetal  type.  Such  cretins  receive  bene- 
fit from  gland  feeding  and  may  live  for  many  years,  the  influence  of 
the  thyroid  producing  greater  development  of  the  body  and  some 
mental  improvement.  Most  animals  are  fortunate  in  being  en- 
dowed with  a  superabundance  of  each  of  the  various  duct  and  duct- 
less glands,  which  permits  a  wide  variation  in  their  functional 
activity  and  also  often  permits  the  removal  of  large  quantities  of 
the  glands  without  apparent  loss  to  the  system.  It  is  estimated 
that  the  growing  child  needs  one-third  of  the  total  thyroid  generally 
found  in  normal  persons,  while  the  adult  seemingly  may  main- 
tain perfect  health  with  one-sixth  of  the  gland.     A  minute  amount 

*  Read  before  the  MedicRl  Section  of  the  American  Life  Convention,  French 
Lick,  Ind.,  March  3, 1915.    Reprinted  from  the  Lancet-Clinic,  1915,  cxiv,  649-651. 
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of  the  secretion  seems  to  act  as  a  hormone  which  maintains  the 
necessary  stimulation  of  the  other  kinetic  glands  of  the  body  with 
associated  function.  Some  operators  maintain  that  total  removal 
of  the  thyroid  in  the  adult  is  harmless  and  is  indicated  in  disease 
conditions.  It  is  probable  in  such  cases  that  the  minute  amount 
of  secretion  necessary  comes  from  an  accessory  or  aberrant  thyroid. 
We  should  caution  against  the  total  removal  of  the  thyroid  except 
in  malignancy.  The  reports  of  the  past  indicate  that  the  dangers 
of  myxedema  may  be  an  early  or  late  manifestation,  but  they  are 
to  be  watched  for  and  their  evil  effects  provided  against. 

The  four  parathyroids  so  intimately  connected  with  the  thyroid 
in  location  and  function  should  be  preserved  with  equal  care  from 
injury  at  operation.  Undoubtedly  two,  and  possibly  one,  of  these 
glands  may  be  sufficient  to  maintain  function;  but  the  danger 
of  creating  a  deficiency  of  thyroid  and  parathyroid  secretion  is 
doubled  when  the  operation  on  the  thyroid  is  extended  to  removal 
or  partial  removal  of  both  lobes,  unless  care  is  exerted  to  keep  in 
front  of  the  posterior  capsule.  If  accidentally  removed,  the  para- 
thyroids should  be  reinserted  in  an  adjacent  location  in  the  field  of 
operation.  Thyroid  and  parathyroid  feeding  should  be  started 
with  lactate  of  calcium  to  control  spasm  of  the  muscle.  With  actual 
loss  of  glands  the  outlook  is  serious.  If  due  to  loss  of  circulation, 
later  improvement  is  to  be  expected.  While  deaths  from  tetany 
represent  but  a  fraction  of  1  per  cent.,  even  this  slight  mortality  is 
unfortunate  because  it  is  usually  preventable.  It  will  take  many 
years  before  a  knowledge  of  these  glands  becomes  crystallized 
through  the  results  of  various  types  of  operative  measures  and  of 
medical  treatment  considered  in  relation  to  the  work  of  histologists, 
pathologists,  and  other  investigators. 

Infections. — Investigations  of  Rosenow  and  others  who  have 
made  cultures  of  the  crushed  tissue  of  diseased  thyroids  show  that 
bacteria  can  be  cultivated  from  some  of  the  glands.  While  very 
suggestive,  the  exact  relationship  of  these  bacteria  to  the  disease 
has  not  yet  been  sufficiently  investigated  to  make  any  assertions. 
Acute  infections  are  very  rare,  as  is  also  tuberculosis.  A  late  mani- 
festation of  lues  is  probably  a  factor  in  more  cases  than  is  generally 
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supposed.     The  mortality  from  infections  other  than  surgical  is  so 
slight  as  hardly  to  need  consideration. 

Degenerations, — Malignant  degenerations  are  very  rare;  car- 
cinoma is  more  frequent  than  sarcoma,  while  both  together  rep- 
resent less  than  1  per  cent,  of  the  operations  on  more  than  1300  new 
cases  of  goiter  seen  at  our  clinic  in  1914.  Late  operations  for  these 
conditions  are  hopeless.  The  symptoms  of  malignancy  are  ex- 
treme; there  are  density  and  irregularity  of  structure,  with  increase 
in  the  size  of  the  glands.  Such  cases  should  be  looked  upon  with 
marked  suspicion  and  an  early  operation  advised.  If  found  malig- 
nant, a  complete  thyroidectomy  is  indicated.  Secondary  opera- 
tions for  recurrence  are  usually  of  but  little  benefit,  and  are  only 
indicated  when  a  roentgenogram  shows  that  the  lungs,  in  which  the 
metastases  usually  occur,  are  free  from  such  involvement. 

Simple  goiter  or  a  simple  increase  in  the  size  of  the  gland  may 
occur  at  any  period  of  life,  but  is  quite  conunon  at  puberty,  then 
being  known  as  the  goiter  of  adolescence,  an  edematous,  swollen 
gland  containing  watery  colloid  and  gland  secretion.  Such  a 
growth  may  consist  of  round  and  encapsulated  adenomas,  or  it  may 
be  diffuse.  When  located  as  an  intrathoracic  or  substernal  goiter, 
the  size  may,  by  pressure,  endanger  life  from  suffocation.  Such 
glands  are  subject  to  degeneration,  fibrous,  cystic,  or  calcareous. 
These  conditions  are  often  designated  as  types  of  goiter;  in  reality 
they  are  types  of  degeneration.  There  is,  however,  a  change  that 
occurs  after  many  years  in  such  glands  which  produces  a  train  of 
symptoms  not  unlike  the  worst  features  of  exophthalmic  goiter,  i.  f ., 
myocarditis,  degeneration  of  the  nerve,  nephritis,  and  general  tox- 
emia. Such  cases  are  more  fatal  than  the  average  exophthalmic 
goiter,  and  the  degenerations  being  terminal  do  not  permit  as  favor- 
able a  response  to  treatment  as  does  exophthalmic  goiter.  The 
mortality  in  these  cases  from  operation  is  not  less  than  5  per  cent. 

Plummer^  calls  attention  to  a  point  in  support  of  this  theory 
that,  so  far  as  I  know,  has  not  hitherto  been  made,  namely,  that  a 
person,  aged  twenty-two  years,  with  an  adenoma  of  the  thyroid, 
has  a  definite  chance  of  developing  a  train  of  symptoms  during  the 
thirty-sixth  year  so  similar  to  the   syndrome   associated  with 
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hyperplastic  thyroid  that  the  best-trained  diagnosticians  are  con- 
stantly confusing  the  two  conditions. 

"The  intoxications  from  non-hyperplastic  goiter  may  be  divided 
into  two  merging  groups:  (1)  A  group  in  which  the  cardiac  toxin 
predominates,  in  which  the  cUnical  picture  closely  resembles,  and  in 
many  instances  can  not  be  differentiated  from  the  cardiovascular 
complex  resulting  from  alcoholic,  luetic,  septic,  and  other  well- 
known  toxins;  (2)  a  group  more  closely  approaching  the  picture  of 
Graves'  disease  and  including  the  cases  that  have  been  erroneously 
so  diagnosed  by  the  mass  of  the  profession. 

"The  term  thyrotoxicosis  is  here  applied  to  the  constitutional 
state  associated  with  goiter.  As  a  matter  of  convenience  for  quickly 
presenting  the  association  of  the  clinical  and  pathologic  findings, 
the  constitutional  symptoms  accompanying  goiter  were  attributed 
to  a  toxemia  the  result  of  a  disturbed  thyroid  function.  As  a 
temporary  expedient  the  cases  were  classified  pathologically  as 
hyperplastic  and  non-hyperplastic,  and  clinically  as  hyperplastic 
toxic,  hyperplastic  atoxic,  non-hyperplastic  toxic,  and  non-hyper- 
plastic atoxic.  The  glands  showing  marked  hypertrophy  were 
included  with  the  hyperplastic  goiters.  Following  the  classifica- 
tion for  the  2917  new  cases  coming  to  operation  between  January  1, 
1909,  and  January  1,  1913,  42.8  per  cent,  were  hyperplastic,  and 
57.2  per  cent,  were  non-hyperplastic.  Of  the  hyperplastics,  99.2 
per  cent,  were  toxic  and  0.8  per  cent,  were  atoxic.  Of  the  non- 
hyperplastics,  23.3  per  cent,  were  toxic  and  76.7  per  cent,  were 
atoxic." 

Plunmier  shows  that:  "While  the  association  of  the  constitu- 
tional symptoms  with  non-hyperplastic  goiter  involves  to  a  certain 
extent  a  personal  equation,  this  is  to  a  limited  degree  true  for  the 
cases  having  hyperplastic  thyroids.  The  estimation  that  23.3  per 
cent,  of  the  non-hyperplastic  goiters  were  toxic  was  made  on  a 
conservative  basis. 

"Patients  coming  under  observation  with  non-hyperplastic 
toxic  goiter  gave  a  history  of  having  first  noted  the  goiter  at  the 
average  age  of  twenty-two  years,  and  the  evidence  of  intoxication 
at  the  average  age  of  36.5  years.  The  corresponding  ages  for 
hyperplastic  goiter  were  respectively  32  and  32.9  years. 
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"That  non-hyperplastic  goiter  was  noted  ten  years  earlier  in 
life  than  hyperplastic  goiter  that  fourteen  and  one-half  years 
elapsed  between  the  appearance  of  non-hyperplastic  goiter  and  the 
development  of  notable  toxic  symptoms,  and  that  the  constitu- 
tional symptoms  were  noted  but  a  few  months  later  than  the  goiter 
n  the  patients  aflFected  with  hyperplastic  thyroid  was  alone  suffi- 
cient to  show  that  we  were  dealing  with  at  least  two  distinct  path- 
ologic and  clinical  groups.  That  one  was  not  the  sequence  of  the 
other  was  self-evident." 

The  following  table  is  valuable  in  showing  the  varying  condi- 
tions of  simple  goiters  which  were  seen  at  the  clinic  during  the  year 
1914.     It  includes  also  the  thyrotoxic  (non-hyperplastic)  goiters: 

TABLE  I  (1914).— SIMPLE  GOITERS  BY  DECADES  WITH  REFERENCE 

TO  AGE 


Y 

BARS 

Female 

Fr<»m      1   tn  10 

y^ears .          

1 

10  to«0 
20  to  30 
30  to  40 
40  to  50 
50  to  60 
60  to  70 
70  tn  80 

36 

«« 

164 

*« 

247 

« 

210 

«« 

123 

»* 

19 

«* 

1 

801 

Male 

Total 

0 

1 

14 

50 

16 

180 

83 

280 

24 

234 

19 

142 

9 

28 

0 

1 

115 

916 

The  age  incidence  and  the  relative  proportion  of  males  to 
females  are  of  importance.  Nine  hundred  and  thirty-four  opera- 
tions were  performed  on  the  916  patients,  with  five  deaths,  which 
occurred  in  patients  with  thyrotoxic  degenerations. 

Hyperthyroidism  or  Exophthalmic  Goiter. — ^An  oversecretion  of 
the  gland  which  may  be  more  or  less  perverted  occurs  in  exophthal- 
mic goiter.  The  pathologic  proof  of  this  is  in  the  hyperplasia 
which  is  always  present  in  the  thyroid.  Such  glands  are  dry,  hard, 
and  more  beefy,  since  they  consist  of  a  greater  number  of  cells  with- 
out retention  of  secretion  or  deposit  of  colloid,  as  is  noted  in  simple 
goiter.     This  hyperplasia  may  be  throughout  the  gland  or  only  in 
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parts  of  it.  The  excess  of  secretion  produces  a  regular  series  of 
variable  but  marked  symptoms,  of  which  the  following  have  been 
formulated  according  to  their  importance  by  Plummer.^     ♦     ♦     ♦ 

Some  cases  run  an  acute  course  to  death  in  the  first  month,  a 
slightly  larger  number  in  the  latter  half  of  the  first  year,  at  which 
time  the  most  marked  effect  is  shown  on  the  heart,  liver,  kidneys, 
and  nervous  system.  It  is  during  this  period  that  the  operative 
mortality  is  the  highest.  After  the  first  year  these  cases  fluctuate 
with  severe  exacerbations,  down  to  a  base  line  which  is  far  above 
normal.  A  few  patients  apparently  make  a  fair  recovery,  with  or 
without  medical  treatment,  but  relapse  is  common. 

The  following  table  gives  the  age  incidence  and  proportion  of 
males  to  females  of  the  cases  of  exophthalmic  goiter  seen  during  the 
year. 


TABLE    II    (1914).— EXOPHTHALMIC    GOITERS    BY   DECADES  WITH 
REFERExNCE  TO  AGE 


Yeaiu 

Female 

Male 

Total 

From  1  to  10  years 

1 

31 

104 

95 

64   • 
26 

2 

0 

3 

18 

17 

19 

5 

1 

1 

"   10  to  20  "  

34 

"   20  to  SO  "  

122 

"   SO  to  40  "  

112 

"   40  to  50  "  

83 

"   50  to  60  "  

31 

"   60  to  70  "  

3 

323 

63 

386 

During  the  year  1914  there  were  386  patients  with  hyperthy- 
roidism given  operative  treatment,  the  number  of  operations 
greatly  in  excess  of  patients,  since  there  were  22  injections  with  hot 
water  (Porter's  plan)  with  2  deaths,  19  double  ligations  without 
mortality,  and  388  single  ligations  with  2  deaths. 

Percentages  of  Cured, — From  a  surgical  standpoint  operations, 
often  aided  by  medical  treatment,  cure  exophthalmic  goiters  in 
about  70  per  cent,  of  cases;  that  is,  the  patients  feel  well,  are  able 
to  carry  on  the  ordinary  business  affairs  of  life,  and  forget  that  they 
have  been  sick,  although  20  per  cent,  still  show  slight  widening  of 
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the  palpebral  fissure,  which,  while  not  realized  by  the  patient,  is 
noticeable  to  the  trained  physician.  About  16  per  cent,  of  the 
remaining  patients  are  notably  improved,  but  not  well,  having  some 
symptoms  that  remind  them  of  the  necessity  of  being  careful. 
About  4  or  5  per  cent,  have  been  operated  on  when  the  degeneration 
of  the  essential  organs  of  the  body  had  become  permanent  and  there 
was  hope  of  but  little  improvement,  but  the  progress  of  the  disease 
has  been  checked.  In  younger  persons,  about  5  per  cent,  with 
the  same  type  of  degeneration  slowly  make  a  partial  recovery  on 
account  of  their  youth. 

We  think  it  would  be  fair  to  place  the  immediate  mortality  in 
exophthalmic  goiter  at  about  3  per  cent.  This  is  not  including  our 
own  cases,  which  in  1914  numbered  1302  (386  exophthalmic  and 
916  simple).  In  this  number  there  were  278  consecutive  patients 
operated  on  without  a  death.  About  2  per  cent,  die  of  degenera- 
tions incident  to  the  disease  or  of  lowered  vitality,  due  to  the  disease 
and  some  intercurrent  trouble,  within  six  months  following  opera- 
tion. The  mortality  in  simple  goiter  without  complications  is 
largely  due  to  surgical  accidents  and  need  scarcely  be  considered. 
The  mortality  in  degenerating  simple  goiter,  the  so-called  thyro- 
toxic goiter,  is  high;  we  place  it  at  least  2  per  cent,  greater  than 
exophthalmic  goiter. 

Percentage  of  Relapses, — Relapses  occur  in  about  10  per  cent,  of 
cases  of  exophthalmic  goiter.  These  require  the  removal  of  a  por- 
tion of  the  remaining  lobe.  The  mortality  from  secondary  opera- 
tions is  exceedingly  low,  since  patients  are  greatly  improved  over 
their  previous  condition. 

There  is  a  relapse  of  an  appreciable  degree  in  about  10  per  cent, 
of  the  cases  of  degenerating  simple  goiter.  This  is  more  especially 
true  when  the  whole  of  one  lobe  has  been  removed  instead  of  divid- 
ing the  isthmus  and  taking  the  interior  out  of  each  lobe.  About  5 
per  cent,  of  patients  have  secondary  operations. 
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RESULTS  OF  OPERATIONS  FOR  EXOPHTHAL- 
MIC GOITER* 
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In  this  review  of  cases  of  exophthalmic  goiter  we  have  en- 
deavored to  ascertain  as  nearly  as  possible  the  results  of  opera- 
tion for  the  condition.  As  is  well  known,  it  is  difficult  to  determine 
when  a  condition  of  this  kind  is  cured,  and  that  some  of  the  pa- 
tients who  are  apparently  cured  may  ultimately  have  relapses. 
In  order  that  a  sufficient  length  of  time  should  have  passed  since 
operation,  only  the  patients  operated  on  in  1909  and  in  whom  a 
definite  diagnosis  had  been  made  were  selected  for  this  study. 

In  these  cases  the  diagnosis  of  exophthalmic  goiter  was  based 
on  the  clinical  history  and  the  histologic  changes  in  the  tissues 
when  a  part  of  the  thyroid  was  removed.  In  a  certain  number  no 
tissue  was  removed,  ligation  of  the  thyroid  vessels  only  being  done. 
In  most  instances,  however,  the  thyroid  was  resected.  The  cases 
were  all  in  the  hyperplastic,  toxic  group,  as  described  by  Plummer 
and  Wilson.  (There  was  a  definite  so-called  hypertrophy  in  all 
of  the  thyroids  removed  which  was  diagnosed  by  the  clinician  as 
exophthalmic  goiter  and  by  the  pathologist  as  hyperplastic  thy- 
roid.) 

Of  the  176  patients  in  the  series  operated  on  in  1909,  we  have 
been  able  to  trace  121  by  correspondence  and  subsequent  examina- 
tions. A  number  of  these  have  returned  several  times  for  exam- 
ination, and  many  of  them  have  reported  by  letter  several  times. 

It  has  been  our  custom  to  ligate  the  superior  thyroid  vessels  in 
two  types  of  exophthalmic  goiter  cases.     In  one  type  the  disease 

*  Read  before  the  Southern  Surgical  and  Gynecological  Association,  Cincin- 
nati, December  13-15,  1915.  Reprinted  from  Surg.,  Gyn.  and  Obst.,  1916,  xxii, 
269-474. 
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was  mild  and  we  hoped  the  procedure  might  be  sufficient  to  eflFect 
a  cure.  In  the  other  type  the  disease  was  severe,  and  one  or  more 
ligations  were  done  as  a  preliminary  to  resection.  These  patients 
were  advised  to  return  in  three  months  for  the  removal  of  a  part 
of  the  gland,  but  some  of  them  were  so  greatly  improved  by  tlie 
ligations  that  they  did  not  return.  Of  the  121  patients  that  were 
traced,  56  were  ligated;  36  had  primary  resections  of  the  thyroid; 
20  had  preliminary  ligations,  followed  later  by  resections.  Nine 
of  these  patients  were  operated  on  for  recurrence,  at  which  time 
either  one  of  the  vessels  was  ligated  or  a  part  of  the  remaining 
piece  of  the  thyroid  was  resected.  The  patients  have  been  classi- 
fied in  five  groups. 

Group  L — ^In  this  group  there  were  55  (45.4  per  cent.)  patients 
cured;  i.  e.,  those  who  had  been  well  for  some  time,  and,  as  far 
as  they  knew,  or  as  we  could  judge,  were  completely  relieved  of  all 
their  former  symptoms.  In  16  of  the  55  primary  resections  had 
been  done;  in  11  resections  following  ligations;  in  24  ligations 
alone;  and  in  4  secondary  ligations  or  resections  following  resec- 
tions. We  believe  that  the  preliminary  ligations  should  nearly 
always  be  followed  by  thyroidectomy,  and  that  when  ligations 
alone  are  done,  late  recurrences  are  much  more  common.  On  a 
number  of  occasions  we  have  done  thyroidectomies  for  the  recur- 
rence of  symptoms  after  patients  had  been  well  for  more  than  five 
years  following  ligation.  One  patient  in  this  group  was  well  for 
more  than  five  years  after  the  ligation  of  both  superior  thyroid 
vessels;  then  all  the  symptoms  of  hyperthyroidism  gradually  re- 
turned and  the  gland  was  resected.  The  following  histories  are 
illustrative  of  the  cases  in  this  group: 

A30,233. — Mrs.  A.  M.  B.,  aged  twenty-seven  years.  Ex- 
amination October  18,  1909.  Acute  symptoms  of  hj'pertby- 
roidism  began  about  five  and  one-half  years  before.  Enlarge- 
ment of  the  thyroid  was  first  noticed  five  years  before.  Six  months 
before  the  appearance  of  the  goiter  she  began  to  lose  weight,  was 
restless,  irritable,  and  had  slight  tremor  and  general  nervousness. 
Pulse  60.  Two  weeks  after  the  goiter  appeared  there  was  a  rather 
sudden  onset  of  tachycardia  with  diarrhea.     Pulse  170.     There 
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had  been  nausea  and  vomiting  and  edema  of  the  feet  for  six  weeks. 
All  the  symptoms,  except  gastro-intestiiial,  had  continued  for  two 
years.  She  was  exhausted,  unable  to  work,  and  lost  20  pounds 
during  this  time.  During  the  last  three  years  there  had  been  grad- 
ual improvement.  At  the  time  of  examination  the  pulse  was  130; 
there  was  dyspnea,  exhaustion  on  exertion,  and  restlessness.  There 
was  very  little  change  in  the  size  of  the  goiter — if  anything,  it  was 
a  little  smaller.  She  had  some  difficulty  in  swallowing.  Electric 
treatments  had  been  given.  The  thyroid  was  firm,  the  right  lobe 
larger  than  the  left.  The  heart  was  regular  and  not  enlarged. 
Her  strength  was  fair,  and  nutrition  good.  The  exophthalmos 
which  had  existed  for  five  years  was  quite  marked,  uneven,  more 
noticeable  on  the  right  side. 

On  October  20, 1909,  the  right  lobe  and  isthmus  were  extirpated. 
The  pathologist  reported  hyperplastic  thyroid.  The  patient  had 
a  normal  convalescence  and  left  the  hospital  in  a  few  days.  She 
was  the  wife  of  a  physician  and  we  were  thus  able  to  follow  her 
condition  accurately.  One  year  after  the  operation  only  a  slight 
trace  of  trouble  remained.  Four  years  later  her  husband  reported 
that  she  was  entirely  well,  though  the  right  eye  was  still  a  Kttle 
more  prominent  than  the  left.  At  the  present  time  she  is  entirely 
recovered  and  there  is  no  evidence  of  her  old  trouble.  In  a 
letter  she  stated  that  it  was  about  two  years  after  the  opera- 
tion before  she  considered  herself  well.  She  now  works  with  perfect 
ease.  Her  pulse  is  about  80.  She  has  gained  about  ten  pounds 
in  weight.  Her  voice  is  clear.  She  is,  in  fact,  in  splendid 
health. 

A29,110. — Dr.  N.  B.,  male,  aged  twenty-seven  years.  Ex- 
amined September  17,  1909.  The  goiter  was  first  noticed  two 
years  before.  Hyperthyroidism  probably  started  at  about  the 
same  time.  A  small  nodule  in  the  right  lobe  of  the  thyroid  was 
first  noted;  since  then  there  have  been  tachycardia  and  some  loss 
in  weight  and  strength.  From  that  time  palpitation,  tachy- 
cardia, and  loss  of  weight  has  been  variable.  He  had  spells  of 
diarrhea  for  two  or  three  days  at  a  time,  sweating  profusely.  He 
first  noticed  exophthalmos  about  six  months  before.  Tremor  was 
not  noted  until  a  few  months  before,  since  then  the  symptoms 
gradually  became  more  severe.  The  thyroid  was  rather  soft, 
and  the  right  lobe  somewhat  larger  than  the  left.  There  was 
slight  enlargement  throughout  the  gland.  The  heart  was  normal 
in  size.  The  pulse  was  120,  soft,  and  slightly  irregular.  The 
white  blood-count  was  6320;   total  lymphocytes,  49  per  cent. 
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Operation  September  20,  1909.    Extirpation  of  the  right  lobe  and 
isthmus.     Pathologic  report:  hyperplastic  thyroid. 

One  year  after  the  operation  this  patient  reported  that  he  was 
much  improved,  thought  here  was  still  slight  evidence  of  the  old 
trouble.  Six  months  after  the  operation  he  had  had  a  relapse  of 
the  tachycardia,  but  this  cleared  up  in  a  few  months.  He  can  now 
do  as  much  work  as  he  could  before  the  beginning  of  his  trouble. 
The  exophthalmos  has  entirely  disappeared.  Present  average 
pulse-rate,  85;  normal  weight  before  his  trouble  began  was  150 
pounds;  present  weight  is  165  pounds.  His  voice  was  not  aflFected 
by  the  condition. 

A20,797. — F.  E.  K.,  male,  aged  forty  years.  Examination 
March  2,  1909.  The  goiter  was  noticed  nine  months  before, 
though  there  may  have  been  some  evidence  of  hyperthyroidism 
for  two  years.  He  had  an  acute  illness  two  years  before  which 
was  called  grip.  He  had  been  a  little  nervous  for  years,  and  thought 
that  his  present  trouble  has  been  coming  on  gradually  for  several 
years.  He  had  lost  30  pounds  in  weight  and  complained  of  weak- 
ness, nervousness,  and  dyspnea  on  exertion.  There  had  been  no 
vomiting  or  diarrhea.  Examination  showed  a  hard  gland,  gener- 
ally enlarged.  No  dilatation  of  the  heart  and  no  evidence  of  myo- 
carditis. Pulse  120  to  130.  Exophthalmos  regular  and  quite 
marked.  The  first  operation  was  done  March  6,  1909,  when  the 
right  lobe  and  isthmus  were  extirpated.  After  this  he  felt  fairly 
well  when  resting.  He  grew  stronger,  less  nervous,  and  gained  10 
pounds  in  weight  immediately  after  the  operation,  but  lost  it  after 
working  two  weeks.  When  he  returned  for  examination  October 
22, 1909,  his  pulse  was  120.  Diu-ing  August  and  September  he  had 
about  ten  attacks  of  biliary  colic,  with  diaphragmatic  spasms,  and 
was  obliged  to  take  morphin  several  times  on  account  of  pain. 
October  29,  1909,  the  left  lobe  was  resected.  The  pathologic 
report  on  both  pieces  of  tissue  was  hyperplastic  thyroid. 

This  man  reports  that  about  eight  months  elapsed  after  his 
second  operation  before  he  considered  himself  entirely  well,  but  he 
is  as  well  as  before  he  began  to  have  the  trouble.  He  can  now  do 
his  work  with  ease.  The  prominence  of  his  eyes  has  disappeared. 
He  regained  the  30  pounds  in  weight  and  now  weighs  150  pounds. 
This  patient  has  recently  undergone  a  successful  operation  for  gall- 
stones. 

A26,401. — A.  M.,  female,  aged  sixteen  years.  Examina- 
tion July  17,  1909.     Goiter  first  noticed  one  and  one-half  years 
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before.  She  had  been  nervous  for  several  years  and  had  noticed 
tremor.  There  had  been  a  gradual  onset  of  symptoms  of  hyper- 
thyroidism, tachycardia,  dyspnea,  palpitation,  loss  in  weight,  etc. 
Ten  months  before  the  symptoms  had  been  severe,  and  for  several 
weeks  she  had  been  unable  to  be  on  her  feet  for  any  length  of  time. 
She  had  spells  of  diarrhea  lasting  three  or  four  days  at  a  time  and 
several  spells  of  nausea  and  vomiting.  Exophthalmos  for  eleven 
months.  The  thyroid  was  enlarged;  thrills  distinct;  the  left  lobe 
larger  than  the  right.  The  heart  was  dilated  114  inches  to  the  left. 
There  was  a  systolic  murmur  at  the  apex.  The  pulse-rate  was  150 
and  full.  The  white  blood-count  was  8000;  total  lymphocytes,  42 
per  cent.  Operation  July  29,  1909:  ligation  of  both  superior 
thyroid  arteries. 

This  patient  writes  that  she  is  much  stronger  than  at  any  time 
before  she  had  the  trouble.  There  has  been  no  recurrence  of  symp- 
toms and  she  can  do  more  work  than  before.  The  prominence  of 
her  eyes  has  gradually  diminished;  the  appearance  of  her  neck  is 
normal.  Pulse  80;  hands  steady.  She  has  not  taken  medicine 
since  her  operation.  She  thinks  that  about  six  months  elapsed 
before  she  was  entirely  well. 

'A27,574. — Mrs.  A.  O.  M.,  aged  thirty-four  years.  Exami- 
ination  August  1,  1909.  This  patient  had  a  goiter  at  the  age  of 
eighteen  which  disappeared.  Her  mother  had  one  at  twenty  and 
it  disappeared.  The  second  goiter  was  first  noticed  about  a  year 
ago.  Symptoms  of  hyperthyroidism,  tachycardia,  nervousness, 
and  enlargement  of  the  thyroid  had  persisted  for  about  five  months. 
There  was  an  irregular  nodular  enlargement  of  the  gland.  The 
heart  was  not  dilated;  pulse,  110  to  120.  There  was  some  promi- 
nence of  the  eyes.  The  white  blood-count  was  9200;  total  lympho- 
cytes, 47  per  cent.  Operation  August  18,  1909;  ligation  of  the 
superior  thyroid  vessels.  For  more  than  two  years  after  this, 
during  which  time  she  gave  birth  to  a  child,  she  felt  well.  In  Janu- 
aiy,  1911,  she  returned,  stating  that  for  two  months  she  had  been 
having  palpitation,  dyspnea,  and  nervousness,  though  not  nearly 
as  severe  as  before  the  ligation.  She  had  lost  17  pounds  in  these 
two  months.  On  January  10,  1911,  the  right  lobe  and  isthmus 
were  removed.     Pathologic  report:  hyperplastic  thyroid. 

She  now  reports  that  she  is  well.  She  thinks  it  was  about  six 
months  after  the  second  operation  before  she  was  entirely  well. 
She  had  a  few  slight  temporary  attacks  of  palpitation  and  nervous- 
ness. The  prominence  of  her  eyes  has  diminished.  The  pulse  was 
68.    Normal  weight  before  her  first  symptoms  was  110;  just  pre- 
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vious  to  the  thyroidectomy,  98;  present  weight,  124.  She  had  no 
trouble  with  her  voice.  Her  husband,  who  is  a  physician,  writes 
that  in  his  opinion  she  is  as  well  now  as  before  the  beginning  of  her 
illness. 

Group  IL — In  this  group  of  22  patients  (18.1  per  cent.)  all  were 
practically  cured  of  their  symptoms,  but  still  at  times  had  slight 
evidence  of  the  disease.  Many  of  these  are  entirely  well,  though 
occasionally,  under  sudden  nervous  strain,  they  show  that  they  are 
not  entirely  normal.  In  this  group  there  were  11  primaiy  resec- 
tions, 4  resections  following  ligations,  6  ligations,  and  1  secondary' 
resection.  Some  of  the  case  histories  are  given  as  typical  of  results 
in  the  group. 

A27,928. — Mrs.  A.  A.,  aged  twenty-eight  years.  Examina- 
tion August  19,  1909.  The  goiter  was  first  noticed  two  years 
before;  the  hyperthyroidism  probably  started  five  months  before, 
when  the  goiter  rapidly  increased  in  size.  There  was  a  sudden 
onset  of  typical  hyperthyroidism,  profuse  sweating,  rapid  loss 
in  weight,  etc.  Examination  showed  the  thyroid  generally  en- 
larged, bruit  and  thrill  marked  over  arteries.  Pulse  160.  Exoph- 
thalmos marked.  Long,  harsh  systolic  murmur.  On  May  24, 
1909,  both  superior  thyroid  arteries  were  ligated. 

One  year  after  the  operation  the  patient  wrote  that  she  was 
apparently  entirely  well.  She  now  writes  that  she  is  not  quite  so 
well;  is  nervous  at  times,  but  does  not  think  there  is  any  evidence 
of  her  old  illness.  Her  general  strength  is  improved,  but  she  tires 
more  easily  than  before  she  had  the  trouble.  A  slight  enlargement 
in  the  region  of  the  thyroid  can  be  felt.  Pulse  85;  weight  about 
normal.    No  tremor. 

A30,012. — Mrs.  J.  M.,  aged  fifty-four  years.  Examination 
October  11,  1909.  This  patient  noticed  the  goiter  four  months 
before.  Hyperthyroidism  had  probably  lasted  about  eight  months. 
She  was  weak  and  unable  to  do  her  housework.  She  lost  about 
50  pounds  in  weight.  Tremor  gradually  became  worse,  now 
affecting  her  entire  body.  She  was  nervous  and  irritable  and  per- 
spired easily.  The  thyroid  was  found  generally  enlarged,  the  right 
lobe  larger  than  the  left.  It  was  firm,  rounded,  and  regular  in 
outline.  The  heart  was  slightly  enlarged;  the  heart-sounds 
slightly  deficient,  regular  at  apex.  There  was  a  systolic  murmur. 
The  pulse  was  120,  regular,  and  of  good  quality.     The  white  blood- 
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count  was  9900;  total  lymphocytes,  35  per  cent.  Operation  Octo- 
ber 19,  1909:  thyroidectomy;  extirpation  of  the  right  lobe  and 
isthmus.     Pathologic  report:  hyperplastic  thyroid. 

This  patient  wrote  that  all  of  three  years  elapsed  before  she 
considered  herself  well,  and  at  present  her  nervous  condition  is  not 
good.  However,  there  has  been  no  recurrence  and  no  evidence  of 
the  old  trouble.  Her  strength  has  improved;  she  is  able  to  do  her 
housework.  No  exophthalmos.  No  tremor.  Weight  before  the 
appearance  of  symptoms  was  180;  previous  to  the  operation,  140; 
at  present,  200  pounds.     Her  voice  has  not  been  affected. 

A26,468. — D.  B.,  woman,  aged  forty-three  years.  School- 
teacher. Examination  July  19,  1909.  The  goiter  was  first 
noticed  four  months  before,  at  which  time  symptoms  of  hyper- 
thyroidism developed:  palpitation,  tachycardia,  dyspnea,  sweat- 
ing. She  complained  of  being  hot;  gradually  developed  tremor 
and  diarrhea.  There  was  no  vomiting.  The  symptoms  were 
progressive  until  May  or  the  first  of  June,  when  they  reached  their 
height.  For  some  six  weeks  she  could  hardly  get  about.  She  was 
treated  by  rest  and  gradually  grew  better.  Exophthalmos  was 
present.  The  thyroid  was  hard,  with  areas  that  felt  cystic.  The 
right  lobe  was  considerably  larger  than  the  rest  of  the  gland.  The 
heart  was  dilated  one-half  inch  to  the  left.  There  was  a  mitral 
systolic  murmur.  The  pulse  was  140,  but  with  good  tension. 
The  white  blood-count  was  10,000;  total  lymphocytes,  30  per  cent. 
On  July  80,  1909,  both  superior  thyroid  arteries  were  ligated. 
She  returned  in  May,  1911,  stating  that  after  the  ligations 
she  was  in  bed  most  of  the  time  for  three  months  because  of  palpi- 
tation and  irregular  heart  action;  since  then  she  has  been  weak 
and  unable  to  do  much  work.  Palpitation  occurs  on  excitement 
or  exercise.  Pulse  from  80  to  90.  Prominence  of  the  eyes  less. 
Operation  May  15, 1911:  thyroidectomy;  extirpation  of  the  right 
lobe  and  isthmus. 

This  patient  reports  that  her  nerves  are  not  so  strong  as  they 
were  before  her  illness.  She  is  troubled  more  or  less  with  sleep- 
lessness, but  her  general  health  has  improved  and  she  can  work 
with  more  ease.  The  prominence  of  her  eyes  has  disappeared; 
there  is  no  enlargement  of  the  neck.  Average  pulse,  80.  No 
tremor.  Normal  weight,  100;  previous  to  operation,  75;  present 
weight,  100.     She  cannot  use  her  voice  as  well  as  before. 

Group  III. — In  this  group  of  7  patients  were  those  who  re- 
pKJrted  that  they  were  markedly  improved,  but  most  of  the  time 
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there  was  some  evidence  of  the  old  trouble,  and  those  who  retained 
a  little  exophthalmos  or  nervousness.  Most  of  them  had  entirely 
regained  their  normal  weight  and  physical  strength.  Of  the  7,  3 
had  been  simply  ligated.  In  all  probability  if  these  3  patients  and 
the  6  in  Group  II  who  had  simply  been  ligated  would  have  resec- 
tions now,  the  few  remaining  evidences  of  the  disease  might  en- 
tirely disappear.  One  of  the  patients  in  Group  III  had  a  primary 
resection;  1  had  a  resection  following  ligation;  and  2  had  secon- 
dary resections.     A  typical  case  is  as  follows : 

A28,982. — ^N.  M.,  female,  aged  twenty-four  years.  Exami- 
nation September  14,  1909.  There  had  been  gradual  onset  of 
nervousness,  tachycardia,  dyspnea,  sweating,  etc.,  several  years 
before,  and  the  patient  had  stayed  in  bed  the  greater  part  of  a 
year.  She  then  improved  until  within  the  last  three  months,  when 
she  became  gradually  worse.  There  was  a  firm  prominence  of  the 
right  and  left  lobes  of  the  thyroid.  Marked  bruit  of  the  upper 
poles.  Heart  regular;  not  dilated.  Pulse  140.  Marked  systolic 
murmur  at  the  apex.  Exophthalmos  quite  marked.  White 
blood-count,  6000;  total  lymphocytes,  33  per  cent.  Operation 
September  22,  1909:  ligation  of  both  superior  thyroid  arteries. 

Recent  report  states  that  she  has  never  considered  herself 
entirely  well,  though  her  strength  has  gradually  improved.  Pulse, 
92.  There  is  some  tremor;  shortness  of  breath.  Normal  weight 
before  her  first  symptoms,  115  pounds;  present  weight,  112.  She 
has  had  an  attack  of  jaundice,  with  rheumatism  and  gastric  dis- 
turbance, since  her  operation. 

Group  IV, — In  this  group  we  have  placed  5  patients  in  whom 
there  was  slight  improvement.  In  1  a  simple  ligation  had  been 
done,  and  this  patient  might  now  receive  considerable  benefit  from 
a  resection.  As  a  rule,  marked  benefit  follows  ligation;  if  not,  cure 
should  not  be  expected  in  case  the  patient  should  have  a  thjToid- 
ectomy.  Of  these  5  patients,  3  had  primary  resections,  and  1  was 
operated  on  a  second  time,  with  little  or  no  improvement.  The 
following  case  represents  this  group: 

A23,024. — Mrs.  A.  G.,  aged  forty-three  years.  Examination 
April  30,  1909.    Hyperthyroidism  had  existed  for  five  years.    She 
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visited  our  clinic  in  1904,  when  the  diagnosis  of  Graves'  dis- 
ease was  made.  She  was  weak  at  that  time  and  did  not  stay  for 
treatment.  She  improved  following  this  attack,  and  her  condi- 
tion continued  to  be  nearly  normal  for  about  a  year.  One  year 
prior  to  her  second  examination  she  began  to  lose  weight  rapidly 
(15  pounds).  After  three  or  four  months  she  again  improved  and 
was  fairly  well  until  April  of  the  following  year,  when  she  had  a 
spell  almost  as  serious  as  the  first  one.  Exophthalmos  at  that 
time  was  quite  marked.  There  was  considerable  enlargement  of 
the  right  lobe  of  the  thyroid,  and  slight  enlargement  on  the  left 
side.  The  heart  was  irregular  in  rhythm  and  force  and  was  di- 
lated l}4  inches  to  the  left.  The  pulse  was  regular — 114.  The 
white  blood-count,  5700;  total  lymphocytes,  36.6  per  cent. 
August  5,  1909,  double  ligation  of  the  superior  thyroid  vessels 
was  done.     August  26,  1909,  the  right  lobe  was  extirpated. 

This  patient  writes  that  she  is  not  as  well  as  she  was  before  her 
original  attack;  her  strength  has  improved,  but  her  general  health 
is  not  good.     Pulse,  80.     No  tremor. 

Group  V. — ^The  8  patients  in  this  group  derived  little  or  no 
benefit  from  the  operation.  One  had  a  primary  resection,  1  a 
secondary  resection,  and  6  were  simply  ligated.  The  following 
history  is  representative  of  this  group: 

A27,142. — Female,  aged  nineteen  years.  Examination  August 
3,  1909.  This  patient  had  noted  nervousness,  not  marked,  for 
about  three  years.  For  the  past  nine  months  she  had  been 
easily  exhausted.  There  were  increased  dyspnea,  nervousness, 
and  difficulty  in  getting  up  stairs.  She  had  two  or  three  spells 
of  vomiting;  was  frequently  nauseated;  her  feet  were  swollen. 
The  thyroid  was  found  moderately  hard  and  nodular.  There 
were  thrills  over  the  superior  thyroids.  The  heart  was  slightly 
dilated.  The  pulse  was  144  and  there  was  some  exophthalmos. 
The  white  blood-count  was  6200:  total  lymphocytes,  34.9  per 
cent.  Operation  August  5,  1909;  ligation  of  the  superior  thyroid 
vessels.  May  9,  1910:  thyroidectomy;  extirpation  of  the  right 
lobe  and  isthmus. 

This  patient  has  not  been  as  well  as  she  was  before  the  begin- 
ning of  her  illness.  Her  general  health  improved  for  a  time,  but 
there  has  been  a  recurrence  of  the  former  symptoms.  The  eye 
prominence  diminished  for  a  time  and  again  returned.  Pulse 
118  and  irregular.     There  was  tremor  and  some  hoarseness. 
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In  addition  to  the  121  patients,  3  others  were  traced,  but  suffi- 
cient data  to  classify  them  were  not  obtained.  Patients  who  are 
benefited,  but  not  cured,  by  the  removal  of  a  part  of  the  thyroid 
will,  in  many  instances,  improve  greatly  with  a  resection  of  the  re- 
maining part  of  the  gland.  This  point  has  been  demonstrated  in 
9  of  our  patients  in  whom  the  symptoms  recurred  and  the  second 
operation  was  done.  Of  these  9  patients,  4  were  cured  by  the 
secondary  resection;  1  was  practically  cured,  though  slight  evi- 
dence of  the  disease  remained;  2  were  greatly  improved.  These 
results  tend  to  bear  out  the  impression  that  if  the  patients  are  not 
cured  it  is  because  enough  of  the  gland  has  not  been  removed. 

An  effort  lias  been  made  to  determine  the  factors  pertaining  to 
exophthalmic  goiter  which  would  indicate  the  results  from  ojjera- 
tive  treatment  that  might  be  promised  patients.  In  this,  however, 
we  have  been  only  partially  successful.     In  eight  of  a  group  of 

13  unsuccessful  cases  there  was  considerable  dilatation  of  the  heart 
at  the  time  of  operation,  and  several  of  the  patients  had  developed 
edema.  A  complete  cure  could  not  be  expected  in  this  tyjje  of 
case;  nevertheless,  in  several  instances  great  benefit  was  derived 
from  the  operation.  Twenty-five  of  the  55  patients  who  were 
cured  had  some  dilatation  of  the  heart  at  the  time  of  operation. 

The  oldest  patient  operated  on  (fifty-seven  years  of  age)  and 
the  youngest  (four  years  and  two  months)  were  cured.  The 
average  age  of  the  patients  cured  was  30.7  years;  the  average 
age  of  patients  deriving  little  or  no  benefit  was  29.1  years. 

In  the  series  of  121  patients  traced  there  were  107  females  and 

14  males.  All  but  2  of  the  males  were  benefited.  The  average 
length  of  time  in  which  these  patients  had  had  symptoms  before 
coming  for  treatment  was  about  the  same  in  the  group  of  cured 
(19.3  months)  as  in  the  group  receiving  no  benefit  (22.2  months). 
The  average  length  of  time  required  to  effect  a  cure  was  17.9 
months.  In  the  second  and  third  groups,  in  which  were  included 
the  patients  who  were  better  but  not  cured,  the  average  length  of 
symptoms  was  longer:  in  Group  II,  31.6  months;  in  Group  III, 
49.2  months.  Despite  the  fact  that  the  statistics  do  not  empha- 
size this  point,  we  believe  that  more  cures  and  better  results  will 
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be  obtained  in  patients  having  symptoms  for  short  periods  than 
in  those  having  symptoms  for  a  number  of  years.  The  average 
duration  of  symptoms  in  patients  who  were  cured  was  19.3  months. 
It  would  seem  reasonable  to  assume  that  if  patients  could  have 
been  treated  within  the  first  year,  a  larger  percentage  would  have 
been  cured. 

All  these  patients  had  some  degree  of  exophthalmos  (Stell- 
wag  or  von  Graefe)  before  operation;  many  of  them  complained  of 
pain  and  tension  of  the  eyes,  which  usually  disappeared  soon  after 
operation.  Often  they  stated  that  their  eyes  felt  much  better  even 
before  there  was  any  appreciable  change  in  the  degree  of  promi- 
nence. From  our  observations  it  would  seem  that  the  exophthalmos 
is  one  of  the  last  symptoms  to  subside;  sometimes  it  persists  long 
after  all  other  evidence  of  the  disease  has  cleared  up.  Seventy- 
five  patients  reix)rted  that  all  prominence  of  the  eyes  had  dis- 
appeared or  was  greatly  diminished. 

The  functional  results  in  our  cases  have  been  very  satisfactory. 
A  low  coUar  incision  just  above  the  clavicle  reflecting  the  super- 
ficial tissue  flaps,  severing  the  muscles  just  below  their  upper 
attachment  on  either  side,  if  necessary,  is  inconspicuous.  This 
incision  heals  quickly  and  normal  motion  of  the  head  and  neck 
returns  in  a  few  weeks.  In  a  small  number  of  patients  there  has 
been  some  disturbance  in  the  voice,  though  this  has  been  tempo- 
rary. It  is  apt  to  be  most  marked  about  the  fourth  or  fifth  day, 
when  the  edema  is  greatest.  In  one  instance  there  was  total 
loss  of  the  voice  for  two  months,  when  it  rapidly  returned  to  normal. 
The  characteristic  squeaky  goiter  voice  so  often  heard  in  exoph- 
thalmic patients  before  operation  usually  completely  changes  to 
normal  by  the  time  the  wound  has  healed.  Some  of  our  patients 
who  speak  with  the  normal  motion  of  the  vocal  cords  have  com- 
plained of  the  voice  being  weak  or  tiring  easily.  At  times  it  is 
huskj%  and  there  is  diflSculty  in  singing.  These  symptoms  usually 
subside  in  a  very  short  time. 

Of  the  176  patients  operated  on  in  1909  (some  had  three 
operations),  ^1  died,  7  in  the  hospital.  All  were  females:  the 
oldest,  forty-six  years,  the  youngest  fifteen.     In  5  a  single  ligation 
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only  was  done;  in  2  there  were  resections.  The  average  length  of 
time  symptoms  had  existed  prior  to  operation  was  29.5  months. 
One  of  the  patients  who  died  following  resection  had  had  a  ligation 
and  seemed  entirely  well.  About  five  years  after  the  ligation  in 
our  clinic  she  had  a  hysterectomy  performed  elsewhere.  The  goiter 
symptoms  recurred,  growing  gradually  worse,  and  she  returned  to 
us  for  resection. 

The  histories  of  the  patients  who  died  show  that  they  were  all 
operated  on  at  the  time  of  the  maximum  severity  of  the  disease. 
If  we  had  realized  then  as  we  do  now  the  danger  of  operative  inter- 
ference at  the  height  of  any  attack  of  hyperthyroidism,  the  patients 
might  have  been  carried  past  the  period  of  maximum  severity 
before  operating.  In  all  these  patients  hyperthyroidism  was  the 
clinical  diagnosis  of  the  cause  of  death;  4  showed  dilated  hearts  and 
edema.  The  average  loss  of  weight  of  the  7  patients  at  the  time  of 
operation  was  42  pounds.  The  average  white  blood-count  was 
7800,  and  the  average  lymphocyte  count,  49.8  per  cent. 

Fourteen  patients  have  died  since  leaving  the  hospital — one  ten 
months  after  a  double  ligation.  This  patient  had  a  recurrence  of 
the  trouble;  was  operated  on  elsewhere  and  died.  The  average 
length  of  time  between  operation  and  death  in  these  14  patients  was 
14.1  months.  In  11,  ligations  were  done;  in  2,  resections;  and  in  1 
there  was  a  recurrence.  The  average  age  was  34.1  years.  Eleven 
had  dilated  hearts;  four  systolic  murmurs.  There  was  edema  in  6 
and  evidence  of  nephritis  in  4.  From  this  review  of  the  histories  of 
patients  who  have  died  it  seems  evident  that  the  condition  was 
extremely  toxic.  It  is  quite  probable  that  most  of  them  died 
because  of  continued  intoxication,  which  had  produced  irreparable 
damage,  usually  in  the  heart,  liver,  and  kidneys. 

Better  judgement  as  to  what  should  be  done  and  when  to  do  it 
has  lowered  the  mortality  considerably  in  the  past  five  years.  In 
the  series  of  letters  received  from  exophthalmic  goiter  patients 
during  the  past  few  months,  eleven  mention  having  borne  healthy 
children  since  operation.  One  woman  had  had  three  children.  In 
two  pregnancies  one  patient  had  had  a  recurrence  of  all  the  symp- 
toms of  hyperthyroidism  and,  because  of  this,  abortions  had  been 


RESULTS  OF  OPERATIONS  FOR  EXOPHTHALMIC  GOITER         475 

performed.  This  patient's  report  did  not  make  clear  that  she  was 
really  suffering  from  hyperthyroidism  when  pregnant.  Her  chief 
symptom  was  vomiting,  and  this,  of  course,  may  have  been  the  per- 
nicious vomiting  of  pregnancy;  however  she  had  had  one  normal 
pregnancy  without  serious  vomiting  before  her  attack  of  hyper- 
thyroidism. Eight  of  the  women  who  have  had  children  since 
operation  have  been  classified  in  Group  I  as  cured;  two  of  them  in 
Group  II  as  improved;  and  one  in  Group  III  in  which  no  benefit 
has  been  derived  from  operation. 

Judging  the  results  in  this  series  of  ISl  patients,  a  cure  may  be 
expected  in  about  45  per  cent.  In  addition  to  this,  about  23  per 
cent,  will  be  practically  cured,  although  a  slight  trace  of  the  old 
trouble  may  f>ersist.  Our  statistics  show  that  an  additional  4  per 
cent,  obtained  some  benefit.  About  5  per  cent,  reported  that  they 
had  received  no  benefit. 


MEDICAL  TREATMENT  OF  DIABETICS  PRE- 
PARATORY  TO  SURGICAL  TREATMENT  * 


DAVID    M.    BERKMAN 


In  the  consideration  of  this  subject  it  is  not  my  intention  to 
enter  the  field  of  general  diabetic  therapeusis,  but  merely  to  take 
up  the  possibilities  of  this  condition  and  to  discuss  the  means 
whereby  the  benefits  of  surgery  may  be  extended  to  a  larger  num- 
ber of  patients  already  suffering  from  glycosuria,  including  even 
those  in  whom  the  surgical  condition  does  not  seriously  threaten 
life  or  health. 

During  the  last  few  years  literature  on  this  subject  has  been 
scant,  although  there  have  been  numerous  articles  on  the  general 
treatment  of  diabetes.  In  1902  Phillips^  reported  a  large  series  of 
cases  collected  from  the  literature  showing  definitely  the  value  of 
preoperative  treatment.  The  mortality  in  cases  without  preopera- 
tive treatmeht  was  36.37  per  cent.,  as  against  17.7  per  cent,  in 
treated  cases.  His  classification,  still  in  use,  of  diabetic  patients 
with  surgical  conditions,  is  the  following: 

1.  Glycosuria  caused  by  surgical  lesiorts. 

2.  Glycosuria  causing  surgical  lesions. 

3.  Glycosuria  and  surgical  lesions  independent. 

4.  Glycosuria  adding  to  the  danger  of  surgical  lesions. 
Risley,^  in  a  more  recent  article,   quotes  extensively  from 

Phillips,  and  more  clearly  defines  the  limits  of  these  four  groups. 
He  lays  stress  on  the  fact,  which  is  now  becoming  generally  ac- 
cepted as  a  working  base,  that  an  arbitrary  division  between 

*  Read  before  the  Minnesota  State  Med.  Assoc.,  September,  1915.  Reprinted 
from  the  Journal- Lancet,  1916,  xxxvi. 
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glycosuria  and  diabetes  does  not  exist,  or,  at  least,  must  be  ignored. 
Also,  he  properly  calls  attention  to  the  fact  that  in  the  examination 
of  urine  the  total  output  of  ammonia  and  the  presence  of  acetone 
bodies  are  of  as  much,  if  not  greater,  importance  than  the  sugar 
itself,  holding  that  not  over  one  gram  of  ammonia  should  be 
excreted  in  twenty-four  hours,  while  diacetic  acid  should  be  en- 
tirely absent  before  a  patient  is  accepted  as  a  fair  operative 
risk. 

Still  more  recently  Addis,'  in  an  article  on  this  subject,  has 
shown  the  insignificance  of  the  so-called  dangers  of  sepsis  and  non- 
healing wounds  in  operating  on  diabetic  patients  as  compared  to 
the  real  danger  of  coma.  He  has  called  attention  to  the  fact  that 
coma  occurs  with  equal  frequency  after  operation  on  patients  with 
marked  and  with  mild  glycosuria.  As  a  basis  for  this,  he  quotes 
from  Karewski,  who  operated  on  1S6  glycosuric  patients  with  a 
mortality  of  20  per  cent.,  78  per  cent,  of  which  was  from  coma; 
of  these,  50  per  cent,  were  in  so-called  mild  diabetics.  Addis 
emphasizes  the  fact  that  a  strict  carbohydrate-free  diet  carried  up 
to  operation  increases,  rather  than  decreases,  the  liability  to  coma. 
He  is  working  out  a  diet  scheme  which  may  be  used  as  a  func- 
tional test  for  fatty  acid  metabolism;  and  he  believes  that  in  this 
field  lies  the  future  practical  test  of  the  operability  of  glycosuric 
patients. 

Allen's  *  extensive  researches  have  contributed  to  the  advances 
in  general  treatment  of  diabetes;  and  the  value  of  his  methods 
seems  substantiated  by  his  results.  Some  of  his  opinions,  especially 
concerning  coma  and  its  generative  factors,  appear  quite  radical 
and  contrary  to  previously  accepted  ideas. 

Transitory  glycosurid  is  probably  less  frequent  than  the  text- 
books would  lead  us  to  believe,  although  often  conditions  are  pres- 
ent which  may  have  been  the  direct  cause  of  glycosuria.  The 
occasional  appearance  of  sugar  in  the  urine  of  an  individual  should 
be  an  indication  for  a  careful  general  examination  and  continued 
observation  over  a  period  of  years.  Riesinan'^  has  depreciated  the 
influence  of  the  thyroid  in  the  production  of  glycosuria;  and  our 
experience  would  tend  to  bear  out  this  view.    He  says  that  10  per 
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cent,  of  pregnant  non-diabetic  women  show  glycosuria;  and  this 
appears  to  be  a  fair  estimate. 

The  question  of  specific  diet  and  relative  food  values  and  per- 
centages is  too  extensive  and  intricate  to  enter  into  at  this  time. 
Among  the  most  recent  communications  on  this  subject,  the  care- 
fully detailed  charts  and  therapeutic  notes  of  Joslin*  are  of  great 
practical  value. 

The  material  for  the  present  report  was  drawn  from  the  his- 
tories of  the  patients  operated  on  in  our  clinic  during  the  past 
year  in  whose  urine  the  presence  of  sugar  was  positively  demon- 
strated. It  has  been  our  purpose  to  establish  a  method  of  deter- 
mining the  operability  of  such  patients,  and  a  reasonably  rapid  and 
safe  course  of  treatment  preparatory  to  and  after  operation.  Our 
first  object  has  been  to  render  the  patient's  urine  sugar-free  as  soon 
as  possible;  and  for  this  no  better  procedure  has  been  found  than 
that  advocated  by  Allen.  An  initial  period  of  starvation  of  from 
forty-eight  to  seventy-two  hours  is  instituted.  During  this  period 
black  coffee,  small  amounts  of  whisky  three  or  four  times  a  day, 
and  all  the  water  desired  are  allowed.  A  strict  diet  of  meat,  eggs, 
meats  of  nuts,  and  small  amounts  of  cream,  is  then  introduced. 
This  is  maintained  until  the  urine  is  made  sugar-free,  and  kept  so 
for  at  least  two  days.  Ordinary  green  vegetables  of  the  5  per  cent, 
carbohydrate  variety  (Joslin)  are  then  added  until  a  fairly  broad 
diet  has  been  reached,  still  avoiding  sugars,  starches,  and  foods  of 
every  character  rich  in  carbohydrates.  The  urine  is,  of  course, 
carefully  watched  during  the  entire  period;  and,  should  sugar 
reapi>ear,  the  diet  is  immediately  cut  down  to  the  point  of  tolerance, 
and  again  brought  up  slowly.  The  physical  condition  of  the  patient, 
including  the  weight,  is  also  the  object  of  careful  daily  observation. 
The  number  of  days  that  the  urine  should  be  kept  free  prior  to 
broadening  of  the  diet  varies  considerably,  and  is  influenced  by  the 
nature  and  extent  of  the  contemplated  operation,  the  anesthetic 
to  be  used,  the  physical  condition  of  the  patient,  and  the  influence 
which  the  diabetes  has  had  on  his  previous  health.  It  has  not 
seemed  that  a  strict  diet,  by  merely  rendering  the  urine  sugar-free, 
decreased  the  risk  of  operation,  but  rather  the  contrary.    We  try 
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to  increase  the  patient's  tolerance  so  that  he  may  have  a  larger 
power  of  utilization  of  the  carbohydrates,  which  are  gradually 
added  to  his  diet.  Thus  he  may  come  to  operation  with  a  greater 
reserve  supply  of  glycogen,  of  which  his  body  will  be  in  very  great 
need.  Definite  evidence  of  nephritis  should  be  an  absolute  contra- 
indication to  operation,  except  when  surgery  offers  the  only  hope 
of  saving  life. 

Our  use  of  sodium  bicarbonate  has  become  routine;  and, 
despite  the  assertion  of  many  that  it  is  of  little  value,  we  feel  that 
it  has  contributed  in  no  small  degree  to  the  recovery  of  our  pa- 
tients. It  is  used  in  dram  doses  by  mouth  six  to  eight  times  daily, 
three  or  four  days  before  the  operation.  This  treatment  is  re- 
sumed as  soon  as  possible  after  operation.  Should  the  surgeon 
find  it  necessary  to  give  rectal  salines,  soda  is  administered  in  this 
way  also.  We  have  on  two  or  three  occasions  found  it  advisable 
to  give  it  by  intravenous  injections  in  5  per  cent,  solution. 

The  diet  after  operation  requires  more  careful  selection  than 
before.  The  instability  of  the  patient's  appetite  during  this 
period  and  his  physical  condition  often  preclude  the  use  of  the 
coarser  articles  of  food  from  which  the  diabetic  diet  is  ordinarily 
selected.  During  the  first  forty-eight  hours  after  operation,  which 
is  the  most  dangerous  period,  the  patients  desire  little,  if  any,  food. 
From  that  time  on  there  is  no  definite  rule  to  follow.  Sugar  must 
be  excluded,  and  starchy  food  kept  as  low  as  possible,  although 
it  may  be  necessary  to  allow  small  amounts  of  milk,  bread,  and 
other  food  containing  carbohydrates,  in  order  to  maintain  nourish- 
ment and  aid  the  recuperative  power. 

During  the  post-operative  observation  the  urine  is  watched 
carefully,  although  keeping  it  free  from  sugar  is  more  difficult, 
and  is  not  so  important  as  before  operation.  In  the  examination 
of  the  urine,  twenty-four-hour  specimens  should  be  taken  in  every 
case,  the  points  of  special  interest  being  the  specific  gravity,  reac- 
tion, total  amount  of  sugar  in  grams,  total  amount  of  ammonia  in 
grams,  and  the  diacetic  acid.  In  estimating  the  percentage  of 
sugar,  we  have  used  the  polariscope,  although  the  method  is  rel- 
atively imimportant  if  it  is  a  standard  one  and  is  done  by  an  ex- 
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perienced  person.  There  are  several  methods  for  the  determina- 
tion of  ammonia,  the  only  points  to  be  considered  being  simplicity 
and  comparative  accuracy.  We  have  found  no  more  suitable 
nor  satisfactory  method  for  the  estimation  of  the  diacetic  acid 
than  the  universally  used  ferric  chlorid  reaction.  The  tests 
should  be  done  in  every  case  by  the  same  person,  so  that  relative 
accuracy  may  be  obtained. 

The  danger-point  in  the  ammonia  output  has  been  variously 
placed  by  different  observers.  The  consensus  of  opinion  is  that 
it  should  be  kept  below  one  gram  in  twenty-four  hours;  however, 
one  case  running  as  high  as  1.5  gm.  and  several  running  above  1 
gm.  have  been  operated  on  in  our  clinic.  I  have  not  found  that 
an  almost  strictly  protein  diet  will  greatly  raise  the  ammonia  out- 
put, although  it  will  cause,  in  almost  every  case,  some  slight  in- 
crease. Operations  have  been  performed,  with  slight  trepidation, 
on  seven  cases  showing  diacetic  acid,  with  no  bad  result.  It  would 
seem  that  the  presence  of  a  slight  trace  of  diacetic  acid  is  not  an 
absolute  contraindication  to  operation. 

GilfiUan^  has  warned  us  that  when  carbohydrates  are  with- 
drawn from  the  diet  of  healthy  persons,  acetone  and  diacetic  acid 
may  appear  in  the  urine,  but  will  disappear  after  a  time.  He  has 
also  emphasized  the  fact  that  the  administration  of  alkalis  will 
neutralize  the  acids  formed  in  the  blood,  and  will  hasten  their 
elimination,  and  that  the  addition  of  carbohydrates  to  the  diet 
will  tend  to  inhibit  their  production. 

During  the  past  year  26  glycosuric  patients  came  to  operation 
in  the  Mayo  Clinic:  19  were  women  and  7  were  men.  The  aver- 
age age  was  forty-eight  years,  the  oldest  being  sixty  and  the 
youngest  twenty-one.  Two  patients  died  from  operation,  a  mor- 
tality of  7.7  per  cent.  Eight  patients  were  passing  less  than 
10  grams  of  sugar  in  twenty-four  hours  on  an  ordinary  diet;  and, 
other  conditions  being  satisfactory,  they  required  very  little  pre- 
operative treatment,  and  that  largely  for  the  purposes  of  obser- 
vation. Two  received  the  bulk  of  their  treatment  elsewhere  at 
diabetic  sanatoria;  the  remainder  were  treated  in  our  clinic. 
The  character  of  the  cases  was  as  follows: 
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COSTMTIOS 


Opcbitiox 


ANB»THmC 


BCR  or 


Cyst  of  breast. 

(  ancer  of  breast 

Ri|^t  orbital  cancer . 
( 'ancer  of  lip 


I 

Duodenal  ulcer 

Chdecj-stitis ' 

Choftecy<jtitis  and  pancre- 1 

atic  cvst I 

Fecal  6stula ' 

Cystic  disease  of  cervix. . 

O^'arian  cyst 

Hydrocele 

Hj-pertrophy  of  prostate. 

Exophthalmic  goiter.  .  .  . 
Exophthalmic  goiter .... 
Exophthalmic  goiter.  . . . 
Exophthalmic  goiter .... 
Adenomas  of  thyroid. . .  . 
Adenomas  of  thyroid. .  .  . 

Senile  cataract 

Perineal  laceration 

Cmbilical  hernia 

Phimosis  and  hemorrhoids 


Simple  excision 

Radical  amputation 

Excision 

Excision  of  lip  and  glands  of 
neck 

Gastio-enterostomy 

Cholecystectomy 

Cholecystectomy  and  drain- 
age of  cyst 

Dissection  and  closure 

Excision  and  cauter\* 

Abdominal  resection 

Resection 

Suprapubic  stab  and  prosta- 
tectomy 

Ligation  and  thyroidectomy 

Ligation  and  th^Toidectomy 

Ligation  and  thyroidectomy- 

Two  single  ligations 

Resection 

Resection 

Extraction  and  iridectomy 

Perineorrhaphy 

Herniotomy. 

Circumcision  and  cautery' 


Ether 
Ether 
Ether 

Ether 
Ether 
Ether 

Ether 
Ether 
Ether 
Ether. 
Ether 

Ether 

Ether 

Ether  and  novixrain 

Novocain 

Novocain 

Ether 

Ether  and  novocain 

Novocain 

Ether 

Ether 

Novocain 


«> 


The  operation  for  senile  cataract  was  performed  with  the  patient 
passing  23.5  gm.  of  sugar  and  1.5  gm.  of  ammonia  in  twenty-four 
hours,  with  a  slight  trace  of  diacetic  acid.  She  made  an  unevent- 
ful recovery  from  her  operation.  Besides  this  patient,  three  others 
were  operated  on  while  still  showing  slight  traces  of  sugar;  another 
was  passing  33  gm.  of  sugar,  and  still  another  passing  4  gm.  The 
duration  of  the  longest  preparatory  treatment  was  twenty-four 
days,  the  average  length,  fifteen  days.  Four  patients  gave  a  his- 
tory of  having  previously  had  sugar  in  the  urine;  these  four  and 
one  other  gave  a  history  of  symptoms  referable  to  diabetes  extend-' 
ing  over  periods  of  from  three  months  to  three  years. 

One  of  the  patients  died  after  thyroidectomy,  death  occurring 
in  coma  within  forty-eight  hours  of  the  operation.  On  first  exam- 
ination this  patient  was  passing  90  gm.  of  sugar,  and  was  looked 
upon  as  a  typical  diabetic;    she  was  treated  elsewhere,  remaining 

*15— 31 
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at  a  sanatorium  on  diet  for  two  months  prior  to  operation,  and  on 
her  return  was  still  passing  13  gm.  of  sugar.  The  urine  was  other- 
wise satisfactory.  Her  condition  was  believed  to  be  serious  enough 
to  justify  the  risk  of  operation. 

The  other  patient  who  died  had  been  passing  large  amounts  of 
sugar  which  cleared  up  readily  with  treatment.  Operation  re- 
vealed gall-stones  and  a  large  pancreatic  cyst,  two-thirds  of  the 
pancreas  being  necrotic  and  the  condition  of  the  remaining  third 
doubtful.  This  patient  did  not  die  in  coma;  and  the  condition 
found  at  operation,  together  with  the  extent  of  surgery  performed, 
would  seem  almost  sufficient  to  cause  death. 

Of  the  26  patients,  5  (4  exophthalmic  goiters  and  1  pancreatic 
cyst)  may  be  placed  in  Group  1  of  Phillips'  classification;  the  re- 
maining 21  without  further  postoperative  data,  w^hich  we  have 
not  at  hand  at  this  time,  must  be  placed  in  Group  3.  None  of  the 
cases  falls  into  Group  2,  and  the  entire  series,  according  to  one's 
interpretation,  might  be  applicable  to  Group  4. 

The  fact  that  5  of  these  patients  were  cases  of  exophthalmic 
goiter  loses  its  significance;  since  in  the  routine  twenty-four-hour 
urinalyses  of  180  patients  with  exophthalmic  goiter  (October  1, 
1914,  to  September  1,  1915)  glycosuria  was  found  in  these  5  only 
(2.8  per  cent.).  With  most  other  observers,  I  believe  that  the 
coma  after  operation  will  develop  within  forty-eight  hours  and 
that  it  is  usually  induced  by  the  anesthetic.  Ether  in  the  hands 
of  a  skilled  anesthetist  is  the  safest  and  most  flexible  of  the  general 
anesthetics.  Undoubtedly,  local  anesthesia,  where  possible,  is 
directly  indicated  when  glycosuria  is  present. 

Much  experimental  work  has  been  done,  and  considerable  has 
been  written,  regarding  the  delayed  healing  of  wounds  and  the  fre- 
quent development  of  low-grade  infection  following  operation  on 
patients  with  glycosuria.  In  regard  to  this  I  can  only  say  that,  so 
far  as  can  be  determined,  in  not  a  single  instance  in  our  series  has 
there  been  the  slightest  deviation  from  the  average  case  in  the 
healing  of  the  wounds. 

In  spite  of  the  increasing  amount  of  experimental  work  done 
by  those  investigating  the  percentage  of  blood-sugar,  the  practical 
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applicability  of  this  determination  is  still  a  matter  of  question. 
Bertrand  originated  a  method  for  this  determination  which,  on 
account  of  the  large  amount  of  blood  required  (10  c.c),  has 
been  called  the  "macro-method."  While  possibly  more  accurate 
than  most  other  methods,  it  has  not  been  satisfactory  because  of 
the  amount  of  blood  used  and  the  length  of  time  necessary  for  the 
completion  of  the  determination.  To  obviate  these  shortcomings, 
Bang  produced  a  method  called  the  "micro-method,"  which  re- 
quired a  few  drops  of  blood,  and  thirty-five  to  forty  minutes  only 
for  its  completion.  This  method  is  now  quite  generally  used  in 
laboratories  throughout  the  country.  Fitz  ^  compared  these  two 
methods  in  a  series  of  cases,  and  describes  the  technic  in  full. 
Epstein  •  has  perfected  a  modification  of  a  very  simple  method 
originated  by  Benedict,  which  requires  only  a  small  amount  of 
blood  and  a  few  minutes'  time.  It  is  a  color-comparison  scheme, 
and  the  percentage  is  read  off  directly  on  an  instrument  resembling 
a  hemoglobinometer.  This  method  has  been  used  in  our  clinic 
for  several  months;  but,  so  far,  efforts  have  been  confined  to 
developing  the  technic  and  establishing  the  approximate  normal 
limits.  We  hope  eventually  to  use  the  test  routinely  to  detect  the 
occasional  patient  in  whom  the  amount  of  sugar  in  the  urine, 
probably  because  of  some  obscure  renal  condition,  is  an  unstable 
index  as  to  the  percentage  of  sugar  in  the  blood. 

W^hile  the  results  of  treatment  in  this  short  series  of  cases  has 
been  fortunate,  we  are  well  aware  of  the  serious  nature  of  the  con- 
dition, and  are  inclined  to  increase  our  precautions  by  insisting 
that  patients  be  kept  sugar-free  for  a  longer  period,  gradually 
bringing  them  back  to  as  near  a  normal  diet  as  possible. 

The  treatment  of  the  diabetic  patient  who  is  being  prepared 
for  operation  is  often  difficult,  and  requires  the  absolute  co-opera- 
tion of  the  patient  himself  and  of  his  immediate  family.  In  many 
instances  there  has  been  no  previous  knowledge  of  sugar  in  the 
urine;  and  after  operation  these  patients  should  be  fully  im- 
pressed with  the  seriousness  of  their  condition  and  the  necessity 
for  continuation  of  the  dietary  treatment  after  their  return  home. 
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THE  RELATION  OF  THE  ADRENALS  TO  THE 
PANCREAS  * 

FRANK    C.    MANN    AND    DELLA    DRIPS 


It  was  noted  at  autopsy,  in  a  study  of  animals  dying  after  the 
removal  of  both  adrenals,  that  the  pancreas  always  presents  a 
characteristic  appearance.  In  color  the  gland  is  deep  pink  and 
contrasts  quite  strikingly  with  the  faint  white  color  of  the  normal 
pancreas.  Because  of  their  marked  injection  it  is  possible  to  see 
all  the  vessels  by  transmitted  light;  even  those  leading  to  the  small 
lobules  stand  out  prominently.  Histologically,  the  islands  api>ear 
prominent  and  the  capillaries  are  engorged  with  blood.  This 
appearance  is  only  slightly  simulated  by  that  of  the  fatigue  gland 
at  the  end  of  a  long  period  of  digestion.  Since  these  changes  in 
the  pancreas  were  so  marked  and  constant,  we  deemed  them 
worthy  of  a  separate  investigation.  This  seemed  especially  desir- 
able as  accurate  data  in  regard  to  the  polyglandular  theory  are 
very  scant.  We  found  only  one  reference  describing  a  seemingly 
similar  condition  of  the  pancreas.  Sweet  and  AUen^  noted  that  at 
necropsy  of  dogs  from  which  the  hypophysis  had  been  removed 
the  pancreas  presented  a  striking  red  coloration,  like  that  seen  at 
the  height  of  digestion.  Microscopic  study,  however,  did  not 
reveal  any  very  marked  changes. 

Numerous  experiments  have  been  reported  the  results  of  which 

tend  to  establish  the  existence  of  a  specific  functional  relationship 

between  the  adrenals  and  the  pancreas.     Hypotheses  concerning 

this  relationship  are  based  on  two  facts:    (1)  That  epinephrin 

produces  glycosuria,  and  (2)  that  it  decreases  the  flow  of  pancreatic 

juice.     Investigation  has  failed  to  demonstrate  that  the  glycosuric 

action  of  epinephrin  is  due  to  its  primary  effect  on  the  pancreas. 

Lusk  and  Riche^  conclude  that  the  glycosuric  action  of  epinephrin 

is  due  to  vasoconstriction  and  not  to  inhibition  of  pancreatic  func- 

*  Reprinted  from  Arch.  Inter.  Med.,  1915,  xvi,  681-^92. 
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tion.  Crowe  and  Wislocki,^  who  recently  investigated  the  sub- 
ject, conchide  that  carbohydrate  tolerance  is  not  modified  in  an 
adrenalectomized  animal.  The  most  comprehensive  work  on  the 
relationship  of  the  adrenals  to  pancreatic  secretion  has  been  done 
by  Pemberton  and  Sweet.*  They  demonstrate  that  the  injec- 
tion of  epinephrin  decreases  or  inhibits  the  flow  of  pancreatic 
juiqe  and  that  the  removal  of  the  adrenals  increases  the  pan- 
creatic secretion.  From  these  observations  they  conclude  that 
the  adrenals  have  an  inhibitory  function  over  the  pancreas. 
Edmunds,^  in  a  study  of  the  effects  of  epinephrin  on  the  flow  of 
pancreatic  juice,  concludes  that  the  inhibitory  action  is  due  to  the 
production  of  marked  vasoconstriction. 

Two  general  methods  were  used  to  study  the  effect  of  adrenal 
insufficiency  on  the  pancreas: 

A.  We  i>erformed  a  series  of  experiments  in  which  the  flow  of 
pancreatic  juice  was  carefully  observed  after  various  procedures  on 
the  adrenals.  The  experiments  under  this  method  may  be  con- 
sidered in  two  general  groups,  the  first  comprising  those  experi- 
ments in  which  the  flow  was  recorded  in  anesthetized  animals,  and 
the  second  those  in  which  the  flow  was  observed  in  unanesthetized 
animals. 

B,  By  means  of  special  stains,  we  studied  the  histologic  changes 
in  the  pancreas  after  these  procedures. 

Method  A. — Flow  of  Pancreatic  Juice  and  Gross  Anatomic 
Changes  after  Adrenalectomy 
Group  1. — ^The  general  procedure  in  Group  1  was  as  follows: 
All  the  animals  were  fasted  for  thirty-six  hours  prior  to  the  time  of 
experiment.  They  were  carefully  anesthetized  with  ether.  Ca- 
rotid blood-pressure  was  usually  recorded  by  a  Huertle  manometer; 
however,  the  blood-pressure  could  be  measured  directly  by  means 
of  a  two-way  stop-cock  connected  with  a  mercury  manometer. 
All  readings  for  blood-pressure  were  taken  from  the  mercury 
manometer.  The  flow  of  pancreatic  juice  was  obtained  by  plac- 
ing in  the  major  pancreatic  duct  a  cannula  connected  with  a  glass 
tube  graduated  in  0.01  cm.  Readings  expressed  in  cubic  centi- 
meters were  taken  for  fifteen-minute  intervals.     Blood-pressure 
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and  flow  of  pancreatic  juice  were  recorded  hourly  on  an  extension 
kymograph  for  a  period  of  fifteen  minutes.  Normal  temperature 
conditions  were  approximated  as  closely  as  possible  by  the  judi- 
cious use  of  an  electric  pad.  Since  the  passage  of  acid  fluid  from 
the  stomach  might  prove  to  be  a  disturbing  factor,  the  pylorus  was 
usually  ligated.  In  some  experiments  the  minor  duct  was  ligated 
to  see  if  the  free  communication  of  the  major  and  minor  pan- 
creatic ducts  which  is  present  in  the  dog  was  complicating  results. 
Series  A. — In  this  series  of  five  experiments  the  flow  of  pan- 
creatic juice  was  measured  in  normal  anesthetized  animals,  the 
experiments  usually  extending  over  eight  to  sixteen  hours.  In 
general,  our  results  corroborated  those  of  Pemberton  and  Sweet. 
In  one  animal  there  was  no  flow;  in  the  others  there  was  a  slight 
initial  flow%  which  increased  as  the  blood-pressure  decreased.  The 
following  is  a  representative  protocol: 

Experiment  L  {Series  A). — October  5,  1914.  Large  male  bull- 
dog in  good  condition.  Weight,  36  pounds.  Had  fasted  thirty-six 
hours.  Etherized  at  7.30  a.  m.  Apparatus  arranged  to  record 
carotid  blood-pressure. 


Time 

Pulse 

RinPIBATION 

Temper- 
ature 

Blood- 

PRESSUBE 

Pancreatic 
Flow 

7.45  a.  m 

180 
180 

180 
156 
144 
150 
130 
158 
13« 

42 
42 

42 
48 
48 
42 
46 
48 
36 

100.9*' 
98.2° 

98.2° 
97.6° 
98.6° 
97.3° 
97.4° 
98.2° 
98.8° 

110 

110 

lio 

105 
100 
90 
85 
85 
90 

8.15  A.  M 

* 

8.15-8.30  A.  M 

8.30  A.  M . 

.04 

8.30-8.45  A.  M 

8.45-9.00  A.  M 

9.00  A.  M 

.01 
.015 

9.00-9.15  A.  M 

9.15-9.30  A.  M 

9.30  A.  M 

.005 
.000 

9.30-9.45  A.  M 

9.45-10.00  A.  M 

10.00  A.  M 

.000 
.000 

10.00-10.15  A.  M 

10.15-10.30  A.  M 

10.30  A.  M 

.000 

10.30-10.45  A.  M 

10.45-11.00  A.  M 

U.OOa.  M.. 

.000 
.000 

11.00-11.15  A.  M 

11.15-11,30  A.  M 

11.30  A.  M.. 

.000 
.000 

11.30-11.45  A.  M 

11.45-1«.00a.  M 

.05 
.04 

*  Cannula  inserted. 
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Time 


H.OOm *. 

H.00-12.15  P.  M 
H.15-12.30  P.  M 

H.30P.  M 

H.30-H.45  p.  M 
1«.45-1.00p.  M.. 

LOOP.  M 

1.00-1.15  P.  M.. 
1.15-1.30  p.  M.. 

1.30  P.  M 

1.30-1.45  p.  M..  . 
1.45-2.00  p.  M..  . 

«.00p.  m 

2.0O-2.15  P.M..  . 
2.15-2.30  p.m... 

2.30  P.  M...  • 

2.30-2.45  p.  M. .  . 
2.45-3.00  p.  M. .  . 

3.00  p.  M 

3.00-3.15  p.  M. .  . 
3.15-3.30  p.  M..  . 

3.30  P.  M 

3.30-3.45  P.  M. .  . 
3.45-4.00  p.  M. .  . 

4.00  p.  M 

4.00-4.15  P.M... 
4.15-4.30  p.  M. .  . 

4.30  P.  M 

4.30-4.45  p.  M. .  . 
4.45-5.00  p.  M. .  . 

5.00  p.  M 

5.00-5.15  p.  M..  . 
5.15-5.30  p.  M. .  . 

5.30  p.  M 

5.30-5.45  p.  M. . 

6.00  P.  M 

6.00-6.15  p.  M.. 
6.15-6.30  p.  M. . 

6.30  p.  M 

6.30-6.45  p.  M. . 
6.45-7.00  P.  M. . 

7.00  p.  M 

7.0O-7.15  p.  M. . 
7.15-7.30  P.M.. 

7.30  p.  M 

7.30-7.45  p.  M. . 
7.45-8.00  P.M.. 

8.00  p.  M 

8.00-8.15  P.M.. 
8.15-8.30  P.M.. 

8,30  p.  M 

8.30-8.45  p.  M. .  . 
8.45-0.00  P.M.:. 

0.00  p.  M 

0.(K)  9.15  P.M... 
iiH)  p,  M 


PCUBE 


180 

180 

180 

180 

156 

156 

180 

180 

180 

180 

180 

180 
180 

180 

180 

150 

180 

150 

180 
Animal 


RiSPIRATION 


42 
42 
42 

48 

48 

48 

60 

60 

60 

48 

48 

36 
36 

42 

42 
42 
36 
30 
36 


died. 


Tempeb- 

Blooo- 

Pa!scu:.«tic 

ATCBS 

PKEWUBE 

Fi-ow 

101.2'' 

90 

.08 
.08 

101.4° 

-• 

90 

.000 
.000 

101.2*' 

90 

.000 
.000 

100.6° 

105 

.000 
.005 

100.6° 

105 

.000 
.000 

101.6° 

100 

.000 
.000 

101.8° 

100 

.000 
.000 

101.8° 

100 

.02 
.07 

101.1° 

80 

.06 
.08 

101.2° 

M 

.06 
.02 

101.9° 

76 

.05 
.03 

102.2° 

75 

.00 

102.4° 

eo 

.06 
.05 

101.6° 

60 

:U 

101.0° 

50 

T> 

100.4° 

50 

.11 

.05 

100.1° 

45 

.29 
.07 

100.1° 

40 

- 
.10 
.15 

100.6° 

38 

.12 
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Xecropsy. — Performed  immediately  after  death.  Pyloric  liga- 
ture had  held,  allowing  no  leakage.  Thick  fluid  in  stomach,  which 
was  markedly  acid.  No  food  material  found  above  colon.  There 
had  been  no  hemorrhage.  All  organs  appeared  normal  grossly. 
The  weight  of  the  pancreas  was  45  gm. 

Series  B. — In  this  series  of  three  experiments,  after  taking  a 
control  flow  of  pancreatic  juice,  the  adrenals  were  quickly  removed 
and  the  flow  recorded  until  death.  Our  results  again  corroborate 
those  of  Pemberton  and  Sweet,  although  the  increase  we  obtained 
is  not  so  pronounced  as  they  record.  The  following  experiment  is 
typical: 

Experiment  2  (Series  B). — October  18,  1914.  Large  white  bull 
in  good  condition.  Etherized  at  8.20  a.  m.  Considerable  difficulty 
experienced  in  getting  the  cannula  in  the  duct.  Stomach  not 
ligated.  Normal  pulse,  210;  respiration,  42;  temperature,  99.2°  F., 
and  blood-pressure  100  at  8.30  a.  m. 


Time 


9.15  A.  M 

9.30  a.  M 

9.15-9.30  A.  M. 

9.45  A.  M 

9.30-9.45  A.  M.    . 

9.51  A.  M 

9.45-10.00  A.  M. . 

10.00  A.  M 

10.30  A.  M 

10.45-11.00  A.M. 

11.00  a.  M 

11.00-11.15  A.  M. 
11.15-11.30  A.M. 

11.30  a.  M 

11.30-11.45  A.M. 
11.45-12.00  A.M. 

H.OOm 

12.00-12.15  p.  M. 
12.15-12.80  p.  M. 

12.30  p.  M 

12.30-12.45  r.  m. 
12.45-1.00  P.M.. 

1.00  p.  M 

1.00-1.15  p.m... 


Pulse 


168 
162 


Respiration 


42 
42 


Temper- 
ature 


99.2° 

98.8° 


Right  adrenal  was  taken  out. 

..     I     ..     I     .. 

Left  adrenal  was  taken  out. 


1^2 
160 

142 


156 
180 
180 


180 
180 


42 
36 

32 


39 
36 
60 


60 
36 


98.4° 
99.2° 

99.4° 


99.8° 
99.6° 
99.2° 


99.2° 
99.2° 


Blood- 

Pancreatic 

pressure 

Flow 

85 

95 

m 

.02 

.04 

.05 

95 

90 

.01 

100 

.04 

.03 

105 

.03 

.05 

105 

.09 

.11 

105 

.12 

.10 

65 

60 

.12 

*  Cannula  inserted. 
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Time 


1.30-1 
1.45-2 
2.00  P. 
2.00-2. 
2.15-2. 
2.30  p. 
2.30-2 
2.45-3 
3.00  p. 
8.00-3. 
3.15-3. 
3.80  P. 
3.30-3. 
3.45-1. 
4.00  p. 
4.05  P. 


.45  P.  M. 
,00  p.  M. 

M 

15  p.  M. 
30  p.  M. 

M 

,45  p.  M. 
,00  p.  M. 

M 

,15  P.  M. 

.30  p.  M. 

M 

45  P.  M. 
,00  p.  M. 

M 

M 


4.16  p.  M. 


4.22  p.m. 


PULSK 


180 


180 


160 


132 


162 


Respiratiox 


40 


42 


36 


34 


42 


TraiPKR- 

ATITRE 


99.8'* 


99.9° 


99,8*' 


100.2** 


100.4° 


Blood- 
prbbhube 


50 


45 


40 


32 


35 


Pancreatic 

Flow 


.18 
.18 

.26 
.22 

.23 
.33 

.30 
.25 

.30 
.35 


Injected  small  amount  of  adrenalin,  which  increased 
the  blood-pressure,  but  decreased  the  pancreatic  Bow. 

Injected  nicotine  which  decreased  blood-pressure  and 
pulse.  Pancreatic  flow  decreased  at  first,  but  it  soon 
quickened. 

Animal  died. 


Necropsy, — Performed  immediately  after  death.  No  hemor- 
rhage at  the  sites  of  operation.  Pancreas  grossly  normal.  The 
stomach  contained  about  150  c.c.  yellow  colored  fluid,  acid  in 
reaction. 

Series  C. — In  this  series  of  12  exj^riments  one  adrenal,  usually 
the  right,  had  been  removed  some  days  previously.  The  remaining 
gland  was  removed  through  a  lumbar  incision  at  the  time  of  ob- 
servation. Blood-pressure  was  decreased  but  slightly  by  the 
adrenalectomy.  In  every  experiment  of  this  series  the  flow  of 
pancreatic  juice  was  increased  after  the  removal  of  the  remaining 
gland,  but  this  observation  is  inconclusive,  inasmuch  as  in  many 
cases  the  increa.se  was  no  greater  than  occurred  in  the  control  to- 
ward the  end  of  the  experiment.    A  typical  experiment  follows: 

Experiment  7  (Series  C). — October  7,  1914.  Large  white  bull 
bitch  of  gentle  disposition,  whose  weight  was  11,942  gm.  The 
right  adrenal  had  been  removed  two  weeks  previously.  The  animal 
was  in  excellent  condition.  Fasted  thirty-six  hours  prior  to  the 
experiment.  Etherized  at  8  a.  m.  and  apparatus  arranged  to 
record  blood-pressure  and  pancreatic  flow. 
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Time 


PULHE 


Rehpiration 


Tempera- 
ture 


Blood- 
pressure 


Pancreatic 
Flow 


8.30  A.  M 

8.45  A.  M 

9.00  a.  m 

9.00-9.15  A.  M.. 

9.15  A.  M 

9.15-9.30  A.M.. 

9.30  A.  M 

9.30-9.45  A.  M. . 

9.45-10.00  A.  M. 

10.00  A.  M 

10.00-10.15  A.  M. 
10.15-10.30  A.  M. 
10.30-10.45  A.  M. 
10.45-11.00  A.  M. 

11.00  A.  M 

11.00-11.15  A.  M 
11.15-11.30  A.  M, 
11.30-11.45  A.  M 
11.45-1«.00m..  . 

12.00  m 

12.00-1«.15  P.  M. 
12.15-12.30  p.  M. 
12.30-12.45  P.  M. 
12.45-1.00  P.M.. 

LOOP.  M 

1.00-1.15  P.M.. 

1.15-1.30  P.M.. 

1.30-1.45  p,  M. 

1.45-2.00  P.M.. 

2.00  p.  M 

2.00-2.15  p.  M. . 

2,15-2.30  p.  M. . 

2.30-2.45  P.  M. . 

2.45-3.00  p.  M. . 

3.00  p.  M 

3.00-3.15  p.  M. . 

3.15-3.30  P.M.. 

3.30-3.45  p.  M. . 

8.45-4.00  p.  M. . 

4.00  p.  M 

4.00-4.15  p.  M. . 

4.15^.30  P.  M. . 

4.35  p.  M 


180 
168 
168 


60 
60 
66 


The  remaining  adrenal 
174  60 


150 


150 


144 


150 


150 


120 


204 


54 


54 


48 


48 


48 


24 


42 


Animal  died. 


98.2° 
98.2° 
98.2° 


removed. 
98.0° 


95.2° 


95.2° 


94.6° 


96.0° 


96.1° 


96.1° 


97.0° 


*  Cannula  inserted. 


120 

100 

95 


95 
105 

115 

115 

no 

80 
55 
35 


.04 
.03 


.03 
.03 

.02 
.01 
.04 
.04 

.04 
.04 
.035 
.055 

.03 
.07 
.085 
.075 

.08 
.07 
.085 
.075 

.09 
.09 
.06 
.06 

.05 
.06 
.06 
.08 

.08 
.12 


Necropsy, — Performed  at  once.  Site  of  operation  in  excellent 
condition.  No  hemorrhage.  No  leakage  through  the  pyloric  liga- 
ture. Acid  found  in  the  stomach.  All  the  other  organs  normal 
grossly.    Weight  of  the  pancreas,  35  gm. 
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Series  D. — In  this  series  of  five  experiments  both  adrenals  were 
removed  under  sterile  conditions,  at  the  same  time  or  at  different 
operations.  The  pancreatic  flow  was  studied  after  development  of 
various  degrees  of  adrenal  insufficiency.  We  found  that  in  an 
animal  which  had  developed  none  of  the  symptoms  of  adrenal 
insufficiency  the  pancreas,  while  active,  showed  no  increase  over 
the  controls.  In  every  animal  studied  after  the  development  of  the 
signs  of  insufficiency,  the  pancreas  was  found  to  be  secreting,  but 
usually  a  scarcely  appreciable  amount.  The  following  experiment 
is  a  record  of  the  greatest  flow  obtained  in  this  series: 

Experiment  5  (Series  D), — Adult  male  mongrel.  On  February 
17,  1915,  the  left  adrenal  gland  was  removed.  The  animal  quickly 
recovered  from  the  operation. 


Date 

Time 

Pulse 

Respiration 

Tempebature 

March  1,1915 

5.30  P.  M. 

73 

20 

101.9^ 

March  2,  1915 

8.00  A.  M. 

78 

20 

102.3° 

10.00  A.  M. 

Remaining  'adrenal 

eland   removed. 

3.30  P.  M. 

135 

20 

102.8'' 

5.30  p.  M. 

142 

21 

103.2° 

March  3, 1915 

2.30  p.  M. 

U2 

20 

103.2° 

March  4, 1915 

8.00  A.  M. 

150 

22 

103.1° 

9.30  A.  M. 

136 

22 

102.4° 

Up  to  this  time  the  animal  appeared  normal  in  every  respect, 
regularly  and  showed  no  signs  of  muscular  weakness. 


Ate  and  drank 


March  4, 1915 |     2.55  p.m. 


120 


20 


I  102,1°  Normal  daU 


Animal  Etherized 
3.00  p.m.       I     175  Cannula  in  carotid;   blood-pressure,  80. 
4.15  p.  M.       I     Cannula  in  main  duct.      Secretion  slight, 
blood-pressure,  50. 


TUIB 


4.15-4.30  p.  M. 
4.30-4.45  p.  M. 
4.45-5,00  p.  M. 
5.00  p.  M. 


PULBE 


Respihation 


TxaCPERA- 

TUBS 


Pancreatic 
Flow 


.24 
.17 
.15 


Animal  bled  to  death  from  the  femoral  artery. 


Necropsy. — ^The  pancreas  was  just  beginning  to  become  pink 
in  color.    The  vessels  were  slightly  congested. 

Series  E. — In  this  series  of  two  experiments,  after  recording  the 
normal  flow  of  pancreatic  juice,  one  adrenal  was  removed,  leaving 
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the  other  intact.  This  procedure  did  not  produce  adrenal  insuffi- 
ciency, yet  the  increase  in  flow  of  pancreatic  juice  was  just  as  great 
as  in  the  instances  in  which  both  glands  were  removed.  This  fact 
is  shown  by  the  following  experiment: 

Experiment  11  {Series  E), — April  9,  1915.  Adult  male  poodle 
dog.  Weight,  8200  grams.  Was  fasted  for  thirty-six  hours  prior 
to  the  operation.  Pulse,  130;  respiration,  24;  temperature, 
101.2°  F.    Normal  blood-pressure,  144.    Etherized  at  7.45  a.  m. 


Tempera- 

Blood- 

Pancreatic 

Time 

Pulse 

Respiration 

ture 

PR  EHsuRE 

Flow 

8.00  A.  M 

142 

36 

101.0° 

144 

Abdomen  opened  and  the  minor 

pancreatic 

duct  ligated.    Cannula  placed 

in  the  main 

pancreatic  duct. 

8..S0-8.45  A.  M 

.  . 

.02 

8.45  A.  M. 

160 
Left 

28 
adrenal  removed. 

116 
98 

8.45-9.00  A.  M 

.025 

9.00  A.  M 

173 

56 

100.2° 

9.0O-9.15  A.  M 

.04 

9.15-9.30  A.  M 

.03 

9.30  A.  M 

216 

52 

100.0° 

9.30-9.45  A.  M 

.05 

9.45-10.00  A.  M 

.06 

10.00  A.  M 

814 

48 

100.1° 

10.00-10.15  A.  M 

.06 

10.15-10.30  A.  M 

.10 

10.30  A.  M 

180 

39 

100.0° 

10.30-10.45  A.  M 

.15 

10.45-11.00  A.  M 

.20 

11.00  a.  H.      ..    . 

240 

42 

99.8° 

11.00-11.15  A.  M 

.22 

11.15-11.30  A.  M 

.20 

11.80  A.  M 

240 

54 

104.0° 

85 

11.30-H.45  A.  M 

.22 

11.45-H.0Om 

.23 

12.00  M 

240 

48 

104.6° 

85 

12.00-14.15  p.  M 

.23 

12.15-12.30  p.  M 

.30 

12.30  p.  M 

268 

72 

103.4° 

85 

12.30-12.45  P.  M 

.36 

12.45-1.00  p.  M 

.42 

1.00-1.15  P.  M 

.58 

1.15-1.30  p.  M 

.60 

1.80  p.  M 

270 
Animal  gi 

52 

103.8° 

50 
40 

1.30-1.45  p.  M 

rowing  very  weak. 

1.45-2.00  p.  M 

1.15 

2.00  p.  M 

240 

38 

104.2° 

2.0O-2.15P.  M 

.89 

2.16  p.  M 

Animal  di 

ed. 
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Necropsy, — Stomach  almost  empty,  no  free  fluid,  mucosa  acid 
in  reaction. 

Group  2. — Method  A, — ^The  flow  of  pancreatic  juice  in  unan- 
esthetized  animals  was  studied  in  one  series  of  experiments.  In 
three  other  series  the  condition  of  the  gland  itself  was  studied. 

Series  F. — In  this  series  of  five  experiments  a  temporary  pan- 
creatic fistula  was  established  in  an  animal  in  which  one  adrenal 
had  been  removed.  The  fistula  was  made  under  sterile  conditions 
by  securely  fixing  a  glass  cannula  in  the  major  duct,  after  ligating 
the  accessory  duct.  After  observing  the  rate  of  pancreatic  flow, 
and  when  the  animal  had  recovered  from  the  effects  of  the  opera- 
tion, the  remaining  adrenal  was  removed  and  the  animal  observed 
until  death.  These  experiments  were  more  or  less  unsatisfactory 
because  of  clotting  of  blood  in  the  cannula,  infection  and  necrosis 
of  the  duct  at  the  point  where  the  cannula  was  tied.  In  none  of 
these  experiments  was  there  an  increased  flow  of  pancreatic  juice 
after  adrenalectomy;  however,  in  none  of  the  animals  did  the  pan- 
creas have  the  injected  blood-vessels  and  characteristic  color  as 
observed  in  the  double  adrenalectomized  animal.  The  most  im- 
portant fact  learned  from  these  experiments  was  that  the  slight 
increase  in  flow  noted  in  most  of  the  anesthetized  animals,  after 
removal  of  the  adrenals,  was  wholly  insignificant  when  compared 
with  the  secretion  of  the  gland  during  digestion.  In  the  anesthe- 
tized animal  the  flow  usually  did  not  reach,  and  rarely  exceeded, 
0.05  c.c.  in  a  quarter  of  an  hour,  while  in  unanesthetized  animals, 
of  approximately  the  same  size,  during  the  digestive  period  the 
secretion  was  as  much  as  1  c.c.  per  minute.  This  fact  is  emphasized 
by  the  following  experiment: 

Experiment  Jf.  (Series  F). — White  and  brindle  male  bulldog; 
old;  very  prone  to  fight.  Right  adrenal  removed  at  10  a.  m., 
October  31,  1914.  Wound  kept  in  good  condition.  November  8, 
1915,  10  A.  M.,  the  accessory  pancreatic  duct  was  ligated  and  glass 
cannula  placed  in  main  duct.  Moderate  secretion.  Temperature 
of  kennel  remained  at  70°  F.    The  animal  drank  milk  at  12  m. 
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Date 

Time 

PrUBE 

Respiration 

Tempeba- 

TUBE 

Pancbeatic 
Flow,  c.c. 

November  3, 1915 .  . 

«.15  p.  M. 

84 

18 

104.3° 

6.80 

5.00  p.  M. 

120 

12 

103.0° 

5.40 

6.10  p.  M. 

90 

12 

102.0° 

3.75 

6.15  P.  M. 

Animal  drank  milk. 

8.30  P.  M. 

90 

12 

102.0° 

3.75 

November  4,  1915 .  . 

6.15  A.  M. 
9.00  A.  M. 

140 

12 

103.0° 

1.15 
12.0 

9.30  A.  M. 

Remaining  adrenal  removed .    There 

was  no  flow 

of  pancreatic  juice  after  this  time. 

11.00  A.  M. 

156        1         30 

102.0° 

1«.00  M. 

Animal  drank  milk. 

2.16  p.  M. 

210 

24 

102.2° 

5.80  P.  M. 

168 

18 

103.0° 

9.15  p.  M. 

240 

12 

103.0° 

Animal  died  during  night. 

Necropsy, — The  pancreas,  aside  from  a  slight  congestion, 
seemed  normal.    Pancreatic  cannula  had  ulcerated  out  of  position. 

Series  G, — In  practically  all  experiments,  in  anesthetized  and 
unanesthetized  animals,  the  contents  of  the  stomach  were  found  at 
autopsy  to  be  acid.  That  the  characteristic  appearance  of  the  pan- 
creas, after  removal  of  the  adrenals,  is  not  dependent  on  the  acid 
condition  of  the  stomach  is  proved  by  the  results  of  this  series  of 
experiments.  In  five  animals  sodium  bicarbonate,  in  large  doses, 
was  administered  by  a  stomach-tube  every  few  hours  from  the  time 
the  last  adrenal  was  removed  until  death  occurred.  While  it  is 
impossible  to  state  that  alkaline  reaction  of  the  stomach-contents 
was  maintained,  it  is  certain  that  very  little  acid  reached  the  duo- 
denum. At  necropsy  in  these  animals  the  pancreas  presented  the 
same  characteristic  appearance  as  in  other  adrenalectomized 
animals. 


Experiment  5  {Series  G).— Dog  B169.  February  12,  1915,  right 
adrenal  removed.  February  22,  1915,  at  10.45  a.  m.,  the  left  gland 
was  removed.  Sodium  bicarbonate  in  5  gm.  doses  was  adminis- 
tered about  every  four  hours  until  death  on  February  28,  1915, 
at  8  A.  M. 

Necropsy. — ^Pancreas  very  dark,  mulberry  color;  blood-vessels 
markedly  injected. 
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Series  H. — In  six  experiments,  after  removing  one  adrenal  the 
pancreatic  ducts  were  doubly  ligated  and  sectioned.  At  different 
times,  varying  from  a  few  days  to  a  few  weeks,  the  remaining 
adrenal  was  removed.  At  autopsy  of  these  animals  the  pancreas 
did  not  show  the  characteristic  color  and  injected  blood-vessels. 
In  the  experiments  in  which  the  last  adrenal  was  removed  shortly 
after  Ugation  of  the  ducts  the  pancreas  appeared  normal;  when  a 
few  weeks  had  elapsed  between  operations,  the  gland  was  converted 
into  a  hard,  fibrous  mass.    The  following  experiment  is  an  example: 

Experiment  5  (Series  H), — Dog  B83.  Small  terrier,  about  eight 
months  old.  November  10, 1914,  at  11  a.  m.,  both  pancreatic  ducts 
were  ligated  and  right  adrenal  removed.  At  4  p.  m.  seemed  to  have 
recovered  from  anesthetic  and  immediate  effects  of  operation. 

November  11,  1915:  Remaining  adrenal  was  removed. 

November  12,  1915:  Animal  appeared  normal. 

November  13,  1915:  Developed  the  signs  of  adrenal  insuffi- 
ciency and  died  at  2  p.  m. 

Necropsy. — Site  of  the  operations  in  good  condition.  Pancreas 
normal  color,  lobules  stand  out  prominently;  vessels  not  injected; 
firm;   duct  ligatures  holding. 

In  one  series  of  five  experiments  after  the  removal  of  both 
adrenals  and  the  development  of  the  moribund  condition  of  adrenal 
insuflSciency,  the  animals  were  bled  to  death.  At  necropsy  the 
blood-vessels  of  the  pancreas  were  found  to  be  still  markedly  in- 
jected with  blood. 

Method  B. — Histologic  Changes  in  the  Pancreas  After 
Adrenalectomy 
Sections  of  the  pancreas  removed  at  necropsy  from  doubly 
adrenalectomized  animals,  when  stained  by  the  common  methods, 
were  rather  characteristic.  The  islands  were  prominent,  engorged 
with  blood,  and  seemed  more  numerous  than  in  sections  from 
normal  animals.  The  acinar  tissue  seemed  to  be  decreased  in 
amount.  In  order  to  study  these  changes  to  better  advantage,  the 
special  differential  stains  of  Bensley®  were  used.    After  the  careful 
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study  of  many  sections  from  different  animals,  the  following  facts 
were  ascertained; 

1.  There  is  a  marked  congestion  which  appears  to  be  hypo- 
static in  character.    Every  capillary  seems  filled  with  blood. 

2.  There  is  very  little  or  no  zymogen  present.  When  zymogen 
is  present,  it  is  found  in  the  acinar  cells  which  surround  the  islands 
or  the  small  blood-vessels.  This  loss  of  zymogen  seems  propor- 
tionate to  the  length  of  time  that  the  animal  has  been  moribund, 
the  greatest  loss  being  found  in  those  cases  in  which  the  specimens 
were  secured  an  hour  or  so  after  death.  If  the  gland  was  removed 
immediately  after  death,  there  was  less  zymogen  than  if  the  animal 
was  bled  to  death  a  few  hours  before  it  would  otherwise  have  died. 
This  loss  of  zymogen  seems  to  be  more  closely  related  to  the  de- 
crease in  blood-pressure  than  to  the  rate  of  pancreatic  secretion. 
Evidently  the  storage  function  of  the  acinar  cells  was  affected 
more  by  the  decreased  food  supply  than  by  secretion. 

3.  The  islands  appear  larger  and  more  numerous  than  in  sec- 
tions from  the  normal  animal.  On  close  examination,  after  using 
Bensley*s  stains,  some  of  these  apparent  islands  were  found  to 
consist  partially  of  island  cells  and  partially  of  degenerated  acinar 
cells.  Some  apparent  islands  were  made  up  entirely  of  degenerated 
acinar  cells. 

4.  The  number  and  size  of  the  islands,  as  well  as  the  zymogen 
content,  seem  to  depend  on  the  length  of  time  that  the  animal  is 
moribund  as  well  as  on  the  length  of  time  after  death  that  the  tissue 
is  removed  and  fixed.  Degenerative  changes  in  the  pancreas  ap- 
parently occur  slowly  during  the  dying  state  and  very  quickly 
after  death.  The  acinar  cells  show  these  changes  before  they 
appear  in  the  island  cells.  The  former  lose  their  shape  with  the 
loss  of  zymogen,  becoming  more  rectangular.  The  nucleus  seems 
to  move  into  the  center  of  the  cell.  Both  nucleus  and  cytoplasm 
stain  much  less  intensely.  Degeneration  granules  which  take  the 
acid  stain  appear  in  the  protoplasm.  All  these  changes  make  the 
acinar  cells  appear  more  like  the  island  cells.  As  the  changes  pro- 
ceed these  groups  of  degenerated  cells  coalesce  and  a  line  of  demar- 
cation appears  around  them.    The  acini  nearest  the^true  islands 

*15— 3« 
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seem  most  affected.  They  apparently  join  with  the  group  of 
island  cells  to  form  a  larger  island.  Isolated  groups  of  these 
changed  acinar  cells  increase  the  number  of  the  apparent  islands. 

Summary 
The  following  facts  may  be  taken  to  express  a  specific  relation- 
ship between  the  adrenals  and  the  pancreas: 

1.  The  pancreas  develops  a  characteristic  pink  color,  and  its 
blood-vessels  are  injected  to  a  maximum  degree  after  double 
adrenalectomy.  This  appearance  is  not  dependent  on  the  acid 
condition  of  the  fluid  in  the  stomach,  but  is  probably  associated 
with  patent  pancreatic  ducts.  The  blood  found  in  the  injected 
pancreatic  vessels  cannot  be  removed  by  a  free  hemorrhage. 

2.  In  an  anesthetized  animal  the  flow  of  pancreatic  juice  is 
always  slightly  increased  after  the  removal  of  the  adrenals. 

3.  There  is  a  marked  decrease  in  the  zymogen  content  of  the 
pancreas  in  adrenalectomized  animals. 

Against  these  data  are  the  following: 

1.  The  hyperemic  condition  of  the  pancreas  does  not  take  place 
until  there  is  evidence  that  arterial  tone  is  decreasing  in  the  other 
organs. 

2.  The  increased  flow  of  pancreatic  juice  in  the  anesthetized 
animal  after  removal  of  the  adrenals  is  but  little  greater  than  that 
which  occurs  in  the  normal  anesthetized  dog  under  the  same  con- 
ditions as  regards  blood-pressure,  etc.,  and  it  does  not  exceed  the 
increase  incident  to  the  trauma  from  the  removal  of  only  one 
adrenal.  Further,  the  flow  is  insignificant  as  compared  to  the  flow 
during  the  process  of  digestion.  In  an  unanesthetized  animal  no 
increase  in  flow  of  pancreatic  juice  after  removal  of  the  adrenals  is 
demonstrable. 

3.  The  decrease  in  zymogen  content  is  proportional  to  the  time 
of  low  blood-pressure. 

4.  All  the  changes  found  in  the  pancreas  are  proportionate  to 
the  length  of  time  that  the  animal  was  in  a  moribund  condition. 

From  a  comparison  of  these  data  it  is  seen  that  all  the  changes 
found  in  the  pancreas  grossly,  histologically,  and  functionally,  after 
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removal  of  the  adrenals,  can  be  accounted  for  by  the  changes  in 
general  taking  place  in  the  organism  as  a  whole,  due  to  decreased 
blood-pressure,  decreased  temperature,  and  the  other  changes 
incident  to  the  development  of  the  moribund  condition.  We  have 
been  unable  to  demonstrate  any  specific  relationship  between  the 
adrenals  and  the  pancreas. 
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STUDIES  IN  THE  PATHOLOGY  OF  THE  SPLEEN 

II.    Pathology  of  Spleens  Removed  for  Certain  Ab- 
normal Conditions  of  the  Blood  * 

LOUIS    B.    WILSON 


This  study  is  a  continuation  of  a  pre\'ious  report^  which  covered 
the*pathologic  examination  of  26  spleens  removed  at  operation  or 
autopsy  in  the  Mayo  Clinic,  between  November  14,  1905,  and 
November  1,  1912,  from  patients  on  18  of  whom  a  more  or  less 
positive  clinical  diagnosis  of  splenic  anemia  had  been  made,  and 
of  two  "  wandering  spleens  "  removed  at  operation  within  the  same 
period. 

The  present  preliminary  report  covers  the  examination  of  31 
more  spleens  removed  at  operation,  between  December  3,  1912, 
and  June  9,  1915.  Further  study  of  the  several  groups  will  be 
reported  later.  The  cases  have  been  studied  clinically  by  GiflBn,* 
whose  grouping  is  observed  in  the  following  brief  abstracts  of  the 
pathologic  protocols: 

Group  1  (15   Cases). — Clinical  Diagnosis — Splenic  Anemli 

Case  I  (A76,471). — ^F.  B.;  male;  aged  thirty;  duration  of 
symptoms,  six  months;  splenectomy  December  3,  1912.  Weight 
of  spleen,  1520  gm.;  notch  distinct;  marked  perisplenitis  over 
convex  surface;  capsule  thickened;  on  section,  tough,  hard,  with 
marked  fibrosis.  Microscopic  examination  shows  diffuse  hyper- 
trophic fibrosis  (chronic  splenitis);  pulp  If;  lymphoid  tissue  1; 
reticulum  4;  endothelium  of  sinuses  1;  pigment  3;  amyloid  de- 
generation 3;   arteriosclerosis  3. 

*  Read  before  the  American  Surgical  Associatioa,  Rochester,  Minn.,  June  10, 
1915.    Reprinted  from  Annals  of  Surgery,  1915,  Ixii,  157-164. 
tThe  figures  0,  1,  2,  3,  4  indicate  reUtive  amounts. 
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Case  II  (A77,560). — M.  P.;  female;  aged  twenty-four;  dura- 
tion of  symptoms,  twelve  months;  splenectomy  December  28, 
1912.  Weight  of  spleen,  1770  gm.;  notch  obliterated;  exterior 
nodular;  on  gross  section,  hard,  firm,  tough.  Microscopically, 
there  is  diffuse  hypertrophic  fibrosis  (chronic  splenitis);  pulp  1; 
lymphoid  tissue  1;  reticulum  4;  endothelium  of  sinuses  2;  pig- 
ment 1;   amyloid  degeneration  3;   arteriosclerosis  3. 

Case  III  (A82,918).— O.  N.  T.;  male;  aged  thirty-three; 
duration  of  symptoms,  thirty-six  months;  splenectomy  April 
25,  1913.  Weight  of  spleen,  2000  gm.;  four  notches,  one  over  tip; 
exterior  slightly  roughened;  no  perisplenitis;  on  gross  section, 
fairly  hard  and  tough;  vessels  thick- walled.  Microscopic  sections 
show  diffuse  hypertrophic  fibrosis  (chronic  splenitis);  pulp  1; 
lymphoid  tissue  2;  reticulum  4;  endothelium  of  sinuses  2;  pig- 
ment 1;   amyloid  degeneration  1;   arteriosclerosis  3. 

Case  IV  (A48,060).— W.  A.  C;  male;  aged  thirty-four;  dura- 
tion of  symptoms,  twelve  months;  splenectomy  April  2,  1913. 
Weight  of  spleen,  600  gm.;  notch  distinct,  but  not  marked; 
surface  smooth;  slight  perisplenitis  at  hilum;  somewhat  firm  on 
section.  Microscopically,  there  is  diffuse  fibrosis  (chronic  splenitis) ; 
pulp  2;  lymphoid  tissue  2;  reticulum  8;  endothelium  of  sinuses 
3;   pigment  1;   amyloid  degeneration  3;    arteriosclerosis  1. 

Case  V  (A89,075).— N.  B.  S.;  male;  aged  thirty-five;  dura- 
tion of  symptoms,  six  (?)  months;  splenectomy  October  10,  1913. 
Weight  of  spleen,  1030  gm.;  broad,  flat,  with  well-marked  notch; 
surface  slightly  nodular;  considerable  perisplenitis;  cafisule 
thickened;  on  section,  fairly  hard  and  tough;  amyloid  changes 
showing  grossly  (sago  spleen).  Microscopically,  there  is  diffuse 
hypertrophic  fibrosis  (chronic  splenitis);  pulp  2,  edematous; 
lymphoid  tissue  2,  edematous;  reticulum  3;  endothelium  of 
sinuses  3,  edematous;  pigment  none;  amyloid  degeneration  3; 
arteriosclerosis  2. 

Case  VI  (A99,539).— A.  F.  D.;  male;  aged  forty-five  ;  dura- 
tion of  symptoms,  forty-eight  months;  splenectomy  February  3, 
1914.  Weight  of  spleen,  680  gm.;  thin,  flat;  marked  double 
notch;  considerable  perisplenitis;  capsule  thickened;  cuts  rather 
easily;  gross  subcapsular  amyloid  changes.  Microscopic  sections 
show  diffuse  fibrosis  (chronic  splenitis) ;  pulp  1 ;  lymphoid  tissue  1 ; 
reticulum  3;  endothelium  of  sinuses  3;  pigment  none;  amyloid 
degeneration  2;    arteriosclerosis  1. 
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Case  VII  (A109,051).— S.  F.  R.;  female;  aged  forty-five; 
duration  of  symptions,  sixty  months;  splenectomy  July  9,  1914. 
Weight  of  spleen,  560  gm.;  very  slight  notch;  gland  normal  in 
shape;  exterior  slightly  nodular;  very  little  perisplenitis;  capsule 
not  thickened;  cuts  readily;  slightly  harder  than  normal.  Micro- 
scopic sections  show  diffuse  fibrosis  (chronic  splenitis);  pulp  1; 
lymphoid  tissue  2;  reticulum  3;  endothelium  of  sinuses  3;  pig- 
ment none;  amyloid  changes  1;  arteriosclerosis  1. 

Case  VIII  (A118,388).— C.  H.  B.;  male;  aged  twenty-four; 
duration  of  symptoms,  thirty-six  months;  splenectomy  Novem- 
ber 24,  1914.  Weight  of  spleen,  900  gm.;  normal  symmetry;  very 
slight  notch;  surface  nodular;  slight  perisplenitis;  capsule  not 
thickened;  on  gross  section,  hard,  firm,  tough;  marked  amyloid 
(sago  spleen);  vessel- walls  grossly  thickened.  Microscopically, 
there  is  diffuse  hypertrophic  fibrosis  (chronic  splenitis);  pulp  2; 
lymphoid  tissue  2;  reticulum  3;  endothelium  of  sinuses  2;  pig- 
ment 0;  amyloid  degeneration  4;  arteriosclerosis  2. 

.  Case  IX  (A118,619). — S.  T.;  male;  aged  sixteen;  duration 
of  symptoms,  sixty  months;  splenectomy  November  26,  1914. 
Weight  of  spleen,  875  gm.;  elongated;  marked  notch  on  each 
margin;  marked  perisplenitis;  capsule  thickened;  considerable 
subcapsular  pigmentation  in  some  areas;  firm  and  hard  on  sec- 
tion. Microscopically,  there  is  a  diffuse  hypertrophic  fibrosis 
(chronic  splenitis);  pulp  2;  lymphoid  tissue  2;  reticulum  4; 
endothelium  of  sinuses  2;  pigment  2;  amyloid  degeneration  1; 
arteriosclerosis  2. 

Case  X  (Al  19,565). — A.  M.;  female;  aged  sixty-one;  dura- 
tion of  symptoms,  twelve  (?)  months;  splenectomy  December 
9,  1914.  Weight  of  spleen,  500  gm.;  elongated;  deep  single 
notch;  slight  perisplenitis;  exterior  slightly  nodular;  cuts  readily; 
only  slight  increase  in  density.  Microscopic  sections  show  diffuse 
fibrosis  (chronic  splenitis);  pulp  1;  lymphoid  tissue  2;  reticulum 
2;  endothelium  of  sinuses  3;  pigment  0;  amyloid  degeneration 
1;   arteriosclerosis  0. 

Case  XI  (Al  15,696). — H.  F.;  female;  aged  forty-four;  dura- 
tion of  symptoms,  one  hundred  and  twenty  months;  splenectomy 
October  21,  1914.  Weight  of  spleen,  830  gm.;  elongated;  mul- 
tiple notches  on  both  edges;  surface  roughly  nodular;  on  gross 
section,  cuts  with  some  increased  resistance;  one  large  infarct; 
considerable  amyloid  degeneration.  Microscopically,  there  is 
diffuse  hypertrophic  fibrosis  (chronic  splenitis) ;   pulp  1;  lymphoid 
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tissue  2;    reticulum  3;    endothelium  of  sinuses  2;    pigmeut  0; 
amyloid  degeneration  2;    arteriosclerosis  3. 

Case  XII  (A121,871).— H.  E.;  male;  aged  fifty-four;  dura- 
tion of  symptoms,  eight  months;  splenectomy  January  13,  1915. 
Weight  of  spleen,  950  gm.;  surface  smooth;  slight  perisplenitis; 
capsule  not  thickened;  on  gross  section,  fairly  firm;  slight  fibrosis. 
Microscopic  examination  shows  a  diffuse  hypertrophic  fibrosis  of 
moderate  degree  (early  chronic  splenitis);  pulp  2;  lymphoid 
tissue  2;  reticulum  2;  endothelium  of  sinuses  2;  pigment  0; 
amyloid  degeneration  0;  arteriosclerosis  2. 

Case  XIII  (A77,736). — C.  B.;  male;  aged  twenty-six;  dura- 
tion of  symptoms,  twelve  months;  splenectomy  January  13,  1913. 
Weight  of  spleen,  2290  gm.;  gland  broad;  one  small  notch;  sur- 
face nodular;  marked  perisplenitis;  capsule  markedly  thickened; 
considerable  amyloid  (sago  spleen) ;  hemorrhages  in  several  areas 
with  pigmentation.  Microscopic  examination  shows  marked 
diffuse  hypertrophic  fibrosis  (chronic  splenitis);  pulp  2;  lymphoid 
tissue  1;  reticulum  4;  endotheUum  of  sinuses  1;  pigment  2; 
amyloid  degeneration  3;   arteriosclerosis  3. 

Case  XIV  (A64,405).— M.  R.  C;  female;  aged  twenty-eight; 
duration  of  symptoms,  thirty-six  months;  splenectomy  April 
9,  1913.  Weight  of  spleen,  1346  gm.;  thick,  with  small  notch; 
external  surface  slightly  roughened;  considerable  perisplenitis; 
capsule  slightly  thickened;  one  large  infarct;  amyloid  degenera- 
tion (sago  spleen).  Microscopic  examination  shows  diffuse  hyper- 
trophic fibrosis  (chronic  splenitis);  pulp  2;  lymphoid  tissue  2; 
reticulum  3;  endothelium  of  sinuses  1;  pigment  1;  amyloid  de- 
generation 2;  arteriosclerosis  0. 

Case  XV  (A132,194).— T.  K.;  female;  aged  fifty-one;  dura- 
tion of  symptoms,  twenty-four  months;  splenectomy  June  9, 
1915.  Weight  of  spleen,  1200  gm. ;  normal  symmetry  with  marked 
notches  both  borders;  surface  markedly  nodular;  very  little 
perisplenitis;  gross  section  shows  subcapsular  amyloid  degen- 
eration. Microscopically,  there  is  diffuse  hypertrophic  fibrosis 
(chronic  splenitis);  pulp  2;  lymphoid  tissue  2;  endothelium  of 
sinuses  2;   pigment  0;  amyloid  degeneration  2;  arteriosclerosis  1. 

Summary  of  Protocols  op  Group  I — Splenic  Anemla. 
It  will  be  seen  from  the  above  protocols  that  the  average  age 
of  the  patients  with  a  blood-picture  of  splenic  anemia  at  the  time 
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of  operation  was  thirty-six  years.  The  average  duration  of  symp- 
toms was  thirty-two  months.  The  average  weight  of  the  spleen 
was  1130  gm.  This  is  a  little  higher  than  the  average  weight 
(1040  gm.)  of  the  spleens  from  our  positive  splenic  anemia  (revised 
clinical  classification)  cases  reported  in  1913.  The  average  of  the 
two  groups  is  1093  gm.  Few  of  the  specimens  equal  the  weights 
given  by  Lyon,'  who  states  that  the  average  weight  is  62  ounces 
(1860  gm.).  This  discrepancy  is  probably  due  to  the  fact  that 
Lyon's  figures  are  drawn  largely  from  autopsy  reports,  while  ours 
are  from  operative  material,  the  spleen  continuing  to  enlarge  until 
death.  In  general  the  change  in  the  shape  of  the  spleen  is  not  so 
marked  as  the  change  in  size.  In  other  words,  the  hypertrophy 
is  evenly  diffuse  except  in  those  cases  in  which  infarcts  have  oc- 
curred. The  maintenance  of  the  notch  is  important  from  the 
standpoint  of  clinical  diagnosis. 

Histologically,  the  most  constant  features  are  the  marked  re- 
duction of  the  pulp  and  lymphoid  tissue,  with  the  great  increase 
of  reticulum  and  the  almost  constant  presence  of  amyloid  degen- 
eration and  arteriosclerosis.  WTiether  the  diffuse  hypertrophic 
fibrosis  is  the  result  of  inflammatory  changes  has  not  been  ac- 
curately determined.  I  see  no  reason  at  present,  however,  to 
change  from  the  commonly  accepted  theory  that  the  process  is 
one  of  low-grade  chronic  inflammation.  In  this  connection  it 
may  be  noted  that  Bunting  has  isolated  a  diphtheroid  organism  in 
pure  culture  in  4  out  of  12  tubes  shown  from  the  spleen  in  our 
Case  XII. 

Group  2   (7   Cases). — Clinical    Dl\gnosis — ^Acquired    Per- 
nicious Anemia 

Case  I  (A98,774). — M.  S.;  female;  aged  fifty-four;  duration 
of  symptoms,  three  months;  splenectomy  December  11,  1914. 
Weight  of  spleen,  360  gm.;  normal  in  contour,  with  well-marked 
notch;  external  surface  slightly  nodular;  no  perisplenitis;  on 
gross  section,  cuts  freely,  firm  but  not  tough.  Microscopically, 
there  is  a  well-marked  lymphocytosis  with  a  slight  fibrosis;  pulp 
8;  lymphoid  tissue  3;  reticulum  2;  endothelium  of  sinuses  2, 
atrophic;   pigment  1;   amyloid  0;   arteriosclerosis  0. 
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Case  II  (A112,160).— D.  Mc;  female;  aged  fifty-five;  dura- 
tion of  symptoms,  twenty-four  months;  splenectomy  August  11, 
1914.  Weight  of  spleen,  300  gm.;  general  contour  fairly  normal; 
small  notch  on  each  border  with  deep  groove  connecting  the  two; 
surface  slightly  nodular;  no  perisplenitis;  on  section,  capsule  not 
thickened;  cuts  readily,  though  firm.  Microscopic  examination 
shows  a  marked  lymphocytosis  with  a  slight  fibrosis;  pulp  2; 
lymphoid  tissue  4;  reticulum  2;  endothelium  of  sinuses  2,  atrophic; 
pigment  0;  amyloid  degeneration  0;   arteriosclerosis  0. 

Case  III  (A112,836).— D.  D.  B.;  female;  aged  forty-eight; 
duration  of  symptoms,  thirty-six  (?)  months;  splenectomy 
August  27,  1913.  Weight  of  spleen,  910  gm.;  short,  broad,  thick, 
notch  almost  obliterated;  surface  slightly  roughened;  on  gross 
section,  the  gland  is  firm,  hard,  tough,  and  very  dark  colored. 
Microscopically,  there  is  a  diffuse  hypertrophic  fibrosis  (chronic 
splenitis);  pulp  2;  lymphoid  tissue  2;  reticulums;  endothelium 
of  sinuses  2,  atrophic;  pigment  0;  amyloid  degeneration  1; 
arteriosclerosis  1. 

Case  IV  (A124,257). — M.  S.;  male;  aged  twenty-six;  dura- 
tion of  symptoms,  twelve  months;  splenectomy  March  10,  1915. 
Weight  of  spleen,  500  gm.;  fairly  normal  contour,  with  well- 
marked  notch;  external  surface  smooth;  no  perisplenitis;  on 
section,  organ  is  hard  though  not  tough.  Microscopically,  there 
is  a  marked  lymphocytosis  and  moderate  fibrosis;  pulp  2;  lym- 
phoid tissue  4;  reticulum  2;  endothelium  of  sinuses  2,  atrophic; 
pigment  absent;    amyloid  degeneration  1;    arteriosclerosis  0. 

Case  V  (A  127,677). — C.  H.;  male;  aged  thirty-five;  duration 
of  symptoms,  three  (?)  months;  splenectomy  April  17,  1915. 
Weight  of  spleen,  186  gm..;  fairly  normal  in  contour;  very  slight 
notch;  on  gross  section,  fairly  firm  but  not  tough.  Microscopic- 
ally, there  is  a  marked  lymphocytosis  with  atrophic  fibrosis;  pulp 
1;  lymphoid  tissue  4;  reticulum  1;  endothelium  of  sinuses  2, 
atrophic;   pigment  0;   amyloid  degeneration  0;   arteriosclerosis  0, 

Case  VI  (A129,678).— D.  D.  B.;  female;  aged  forty-eight; 
duration  of  symptoms,  one  hundred  and  eight  months;  splenec- 
tomy June  4,  1915.  W^eight  of  spleen,  486  gm.;  general  contour 
thickened;  external  surface  slightly  nodular;  slight  perisplenitis; 
on  gross  section,  capsule  not  thickened;  organ  cuts  readily, 
though  firmly,  no  fibrosis.  Microscopically,  there  is  a  marked 
lymphocytosis  with  a  slight  fibrosis;    pulp  2;    lymphoid  tissue  4; 
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reticulum  2;    endothelium  of  sinuses  2,  atrophic;    pigment  0; 
amyloid  degeneration  0;  arteriosclerosis  0. 

Case  VII  (A128,367).— J.  H.  D.;  female;  aged  forty-one; 
duration  of  symptoms,  three  months;  splenectomy  June  5,  1915. 
Weight  of  spleen,  500  gm.;  in  contour,  broad  and  thick,  with  very 
slight  notch;  external  surface  smooth;  no  perisplenitis;  on  sec- 
tion, organ  is  firm,  but  not  tough.  Microscopically,  there  is  a 
marked  lymphocytosis  with  a  moderate  fibrosis;  pulp  2;  lymphoid 
tissue  3;  reticulum  2;  endothelium  of  sinuses  2;  pigment  absent : 
amyloid  degeneration  absent;    arteriosclerosis  absent. 

Summary  of  Protocols  of  Group  2 — Acquired  Pernicious 

Aneml\ 

The  average  age  of  patients  with  pernicious  anemia  was  forty- 
four  years  at  the  time  of  operation.  The  average  duration  of 
symptoms  was  twenty-seven  months.  The  average  weight  of  the 
spleens  removed  was  463  gm.  Only  one  was  less  than  normal 
(195  gm.).*  The  increase  in  weight  is  out  of  harmony  with  our 
conception  of  the  atrophy  usually  found  in  the  spleen  in  cases 
of  pernicious  anemia.^  Here  again  the  discrepancy  is  probably 
accounted  for  by  the  fact  that  in  the  last  stages  of  pernicious  anemia 
the  spleen  becomes  atrophic,  while  our  figures,  based  on  operative 
cases,  show  an  increased  weight  of  the  organ. 

Cytologically,  the  increase  is  mostly  in  the  lymphoid  tissue, 
though  it  is  worthy  of  note  that  in  one  case  (Case  III)  there  was  a 
well-marked  fibrosis,  this  spleen  weighing  almost  twice  the  aver- 
age weight  of  the  glands  in  the  series.  The  almost  entire  ab- 
sence of  pigment  in  these  relatively  early  stage  cases  is  again  in 
contradiction  to  the  usually  accepted  statement  that  in  cases  of 
pernicious  anemia  the  spleen  is  pigmented. 

Group  3  (1  Case). — Clinical  Diagnosis — Hemolytic  Anemia 

Case  I  (A  122,468). — ^J.  B.  McG.;  male;  aged  sixty-four;  dura- 
tion of  symptoms,  fifteen  months;  splenectomy  January  23,  1915. 
Weight  of  spleen,  1120  gm.;  organ  very  thick,  with  well-marked 
notch;  external  surface  roughened;  marked  perisplenitis;  on  sec- 
tion, capsule  is  not  thickened;   organ  is  hard  and  firm,  but  not 
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tough;  very  pale;  little  amyloid.  Microscopically,  there  is  a 
diffuse  hypertrophic  fibrosis  with  lymphocytosis  (chronic  splenitis) ; 
pulp  2,  lymphoid  tissue  3;  reticulum  3;  endothelium  of  sinuses 
2,  swollen;  no  pigment;  amyloid  degeneration  2;  considerable 
hemorrhage. 

Group  4  (1  Case). — ^Clinical  DLiONOsis — Secondary  Infec- 
tious OR  Septic  Splenomegaly 

Care  1  (A  107,092) .—J.  P.  H.;  male;  aged  thirty-one;  dura- 
tion of  symptoms,  three  months;  splenectomy  June  27,  1914. 
Weight  of  spleen,  700  gm. ;  organ  swollen;  no  notch;  marked  peri- 
splenitis; on  section,  gland  is  fairly  firm,  though  soft  and  not 
tough;  several  small  infarcts.  Microscopically,  there  is  a  sub- 
acute splenitis;  pulp  2,  necrotic;  lymphoid  tissue  3,  swollen; 
reticulum  2;  endothelium  of  sinuses  2,  atrophic;  pigment  absent; 
amyloid  degeneration  absent;    no  arteriosclerosis. 

Group  5  (2  Cases). — Clinical  Diagnosis— Syphilis  with 
Splenomegaly 

Case  1  (A119,102). — G.  H.  I.;  female;  aged  forty;  duration 
of  symptoms,  twenty-four  months;  splenectomy  December  4, 
1914.  Weight  of  spleen,  900  gm.;  gland  normal  in  contour,  with 
very  marked  notch  and  dorsal  groove;  external  surface  slightly 
nodular;  considerable  perisplenitis;  on  section,  organ  is  firm, 
tough,  and  very  dark  colored.  Microscopically,  there  is  a  diffuse 
fibrosis  with  a  moderate  lymphocytosis;  pulp  3;  lymphoid  tissue  3; 
reticulum  3;  endothelium  of  sinuses  2,  atrophic;  pigment  1; 
amyloid  degeneration  0;    arteriosclerosis  3. 

Case  II  (A  125,899) .—H.S.D.;  female;  aged  thirty-two;  dura- 
tion of  symptoms,  ten  (?)  months;  splenectomy  April  1,  1915. 
Weight  of  spleen,  670  gm.;  gland  long  and  slender;  no  notch; 
slightly  roughened  surface;  considerable  perisplenitis;  on  gross 
section,  organ  is  pale  and  firm,  but  not  tough.  Microscopically, 
there  is  a  moderate  diffuse  fibrosis;  pulp  2;  lymphoid  tissue  2; 
reticulum  3;  endothelium  of  sinuses  2,  swollen;  pigment  0; 
amyloid  degeneration  0;   arteriosclerosis  2. 

Group  6  (2  Cases). — Clinical  Diagnosis — Hemolytic 
Jaundice 

CaseI  (A4 1,779). — ^J.  T.  G.;  female;  aged  fifty-one;  duration 
of  symptoms,  forty- two  months;    splenectomy  October  28,  1913. 
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Weight  of  spleen,  640  gm.;  gland  broad,  thick,  with  well-marked 
notch  on  each  border;  surface  rough;  considerable  perisplenitis; 
on  section,  organ  is  pale,  firm,  and  hard.  Microscopically,  there  is 
a  moderate  hypertrophic  fibrosis;  pulp  1;  Ij'mphoid  tissue  2; 
reticulum  3;  endothelium  of  sinuses  2;  pigment  1;  amyloid  de- 
generation 0;   arteriosclerosis  1. 

Case  II  (A86,218).— A.  J.  H.;  aged  thirty-three;  duration  of 
symptoms,  eighteen  months;  splenectomy  June  30, 1913.  Weight 
of  spleen,  900  gm.;  elongated;  ver>' slight  notch;  external  surface 
nodular;  considerable  perisplenitis;  on  gross  section,  organ  firm, 
hard,  but  not  tough.  Microscopically,  there  is  a  hypertrophic 
fibrosis  (chronic  splenitis);  pulp  2,  swollen;  lymphoid  tissue  3, 
swollen;  reticulum  3;  endothelium  of  sinuses  2;  pigment  0;  amy- 
loid degeneration  0;   arteriosclerosis  1. 

Group  7  (1  Case). — Clinical  Diagnosis — Lymphosarco3«a 

CaseI  (A108,557). — C.  V.;  male;  aged  forty-five;  duration  of 
symptoms,  two  months;  splenectomy  July  3,  1914.  Weight  of 
spleen,  1870  gm. ;  very  broad  and  thick;  very  deep  notch  on  border; 
surface  rough  and  scarred  by  infarcts;  on  section  organ  is  soft  and 
dark.  Microscopically,  there  is  a  diffuse  lymphosarcoma;  pulp 
4;  lymphoid  tissue  4;  reticulum  1;  endothelium  of  sinuses  1, 
atrophic;    pigment  0;    amyloid  degeneration  0. 

Group  8   (1   Case). — Clinical  Diagnosis — Acute  Febrile 
Non-septic  (.'')  Splenomegaly 

Case  I  (A  117,048). — L.  J.  L.;  male;  aged  thirty;  duration  of 
symptoms,  one  (?)  month;  splenectomy  October  27, 1914.  Weight 
of  spleen,  1940  gm.;  gland  swollen ;  slight  notch;  external  surface 
smooth;  some  perisplenitis;  on  gross  section,  organ  is  soft  and  dark 
colored.  Microscopically,  there  is  a  parenchymatous  hyperplasia; 
pulp  3;  lymphoid  tissue  3;  reticulum  1;  endothelium  of  sinuses  3, 
swollen;  pigment  0;  amyloid  degeneration  0;  arteriosclerosis  0. 

Group  9  (1  Case). — Clinical  Dl^gnosis — Splenomegaly  with 

Eosinophiua 

Case  I  (A81,201). — F.  H.;  male;  aged  thirty-one;  duration 
of  symptoms,  twelve  months;  splenectomy  July  15, 1914.  Weight 
of  spleen,  2110  gm.;  organ  very  thick,  broad;  well-marked  notch; 
external  surface  rough;    very  marked  perisplenitis;    on  section. 
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gland  is  very  soft.  Microscopically,  there  is  a  marked  parenchy- 
matous hyperplasia;  pulp  4;  lymphoid  tissue  2;  reticulum  1; 
endothelium  of  sinuses  2,  swollen;  pigment  3;  amyloid  degenera- 
tion 0;   many  eosinophiles  throughout  splenic  tissue. 

General  Summary  of  the  Last  Seven  Groups 
The  cases  of  hemolytic  anemia,  lues,  and  hemolytic  jaundice 
resemble  pathologically  the  cases  of  splenic  anemia.  The  cases 
of  secondary  infection,  lymphosarcoma,  acute  febrile  non-septic 
splenomegaly,  and  splenomegaly  with  eosinophilia  have  little 
pathologic  relationship  to  either  splenic  anemia  or  pernicious 
anemia.  The  lymphosarcoma  case  is  a  typical  lymphoma  whose 
malignancy  was  shown  clinically.  The  other  three  cases  give  the 
general  picture  of  an  intense  acute  or  subacute  infection,  causing 
hypertrophy  and  hyperplasia  of  all  the  parenchymal  elements  of 
the  spleen  without  material  increase  in  the  reticulum. 

Our  knowledge  of  the  pathology  of  splenomegaly  associated 
with  chronic  changes  in  the  blood  has  made  slow  progress,  largely 
because — except  in  rare  instances — ^we  have  been  unable  to  study 
spleens  from  such  cases  until  the  later  or  terminal  stage  of  the 
diseases  has  been  reached.  Now  that  splenectomies  are  becom- 
ing more  common,  it  is  fair  to  assume  that  clinicians  will  be  on  the 
lookout  for  large  spleens  in  all  cases  of  pathologic  conditions  of 
the  blood,  and  that  we  may  hope  for  opportunity  to  study  early 
pathologic  changes  in  the  glands  removed  at  operation.  If  any 
progress  is  to  be  made,  however,  we  must  sharply  diflferentiate  the 
relative  changes  in  the  various  histologic  elements  of  the  spleen, 
and  these  changes  must  be  studied  in  correlation  with  accurately 
observed  clinical  phenomena.  At  present  the  clinical  diagnoses 
of  splenic  anemia,  pernicious  anemia,  secondary  infectious  anemia, 
hemolytic  jaundice,  Gaucher's  disease,  etc.,  are  all  lacking  in  clear- 
ness, a  condition  which  must  be  materially  improved  upon  before 
an  instructive  parallel  may  be  shown — if,  indeed,  any  exist — ^be- 
tween the  several  clinical  syndromes  in  their  various  stages  and 
the  pathologic  picture  present  in  the  spleen. 
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DISEASES  OF  THE  SPLEEN 
III.   Clinical  Notes  on  Splenectomy  * 

HERBERT   Z.    GIFFIN 


In  June,  1913,  I  published  a  detailed  report  of  the  clinical 
observations  in  27  cases  of  splenectomy.  At  the  present  time  it  is 
my  purpose  to  review,  not  in  detail,  but  only  in  a  general  way,  the 
clinical  characteristics  of  the  58  cases  of  splenectomy  in  the  Mayo 
Clinic  since  19Q4.  One  of  our  patients  is  alive  and  well  eight  years 
after  operation.  In  this  instance  the  history  was  analogous  to  that 
of  splenic  anemia,  while  the  spleen  showed  pathologically  a  lym- 
phocytic hyperplasia,  not,  however,  with  any  definite  evidence  of 
malignancy.  The  next  longest  period  for  which  a  patient  has 
remained  well  is  seven  years.  In  this  instance  there  was  a  clinical 
history  similar  to  that  of  splenic  anemia,  while  pathologically  the 
spleen  showed  endothelial  proliferation  and  the  case  might  be  said 
to  correspond  to  the  Gaucher  type  of  splenic  anemia.  One  patient 
has  been  alive  and  well  for  six  years,  2  patients  have  been  in  good 
health  five  years,  2  four  years,  and  3  three  years  following  opera- 
tion. Pathologically,  the  spleens  in  these  latter  cases  showed  a 
connective-tissue  increase  with  an  atrophy  of  the  Malpighian 
bodies. 

Many  types  of  splenomegaly  are  necessarily  represented  in  this 
series,  and  any  classification  of  the  cases  is,  of  course,  open  to  dis- 
cussion and  criticism.  On  the  basis  of  their  clinical  and  patho- 
logic characteristics  they  will  be  presented  in  groups  as  follows: 

*  Read  before  the  American  Surgical  Association,  June  10,  1915.  Reprinted 
from  Annals  of  Surgery,  1915,  Ixii,  165-170. 
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Splenectomy,  April  6,  1904-June  9,  1915 

Splenic  anemia  (pathologically  diffuse  fibrosis) ....  27  cases 

Gaucher's  disease  (endothelioid  hyperplasia) S  cases  * 

Pernicious  anemia 7  cases 

Hemolytic  anemia  (marked  splenomegaly) 2  cases 

Secondary  infectious  or  septic  splenomegaly 5  cases 

Lues  (marked  splenomegaly) 2  cases 

Acquired  hemolytic  (hematohepatogenous)  jaundice  2  cases 

Cirrhosis  of  liver 1  case 

Myelocytic  leukemia 1  case 

Lymphoma  or  lymphosarcoma 3  cases 

Tuberculosis  of  spleen 1  case 

Wandering  spleen 2  cases 

Acute  febrile  non-septic  (?)  splenomegaly 1  case 

Splenomegaly  with  marked  eosinophilia 1  case 

Totol 58  cases 

Splenic  Anemia. — In  this  group  have  been  placed  the  27  pa- 
tients in  whom  the  enlargement  of  the  spleen  was  very  great  and 
in  whom  splenomegaly  seemed  to  be  the  primary  condition.  The 
development  of  a  severe  type  of  anemia  with  low  color  index  and 
an  absence  of  leukocytosis  were  regarded  as  essential.  Hemat- 
emesis  occurred  in  a  majority  of  the  cases.  Pathologically  all  the 
spleens  showed  an  increase  of  connective  tissue.  There  were  3 
operative  deaths  in  the  group,  while  the  total  number  of  deaths 
was  8  in  ten  years.  Hemorrhage  was  the  cause  of  death  in  2 
instances,  in  1  case  occurring  one  year  after  operation  and  in  the 
other  five  and  one-half  years.  In  3  other  instances  hemorrhage 
occurred  2  and  3  times  at  different  periods  after  operation,  but  the 
patients  are  at  present  in  good  health.  It  is  evident  that  the 
patients  in  this  group  had  a  low  operative  risk  and  an  excellent 
prospect  of  cure. 

Gaucher' s  Disease. — Our  3  cases  in  which  the  spleen  showed  evi- 
dence of  endothelioid  hyperplasia  occurred  early  in  the  series. 
We  have  been  unable  to  obtain  a  history  of  familial  tendency  in 
any  of  them.  One  of  these  patients  is  in  excellent  health  seven 
years  following  operation.  In  2  patients  the  spleen  had  probably 
been  enlarged  since  adolescence. 

Pernicious  Anemia, — Seven  patients  with  pernicious  anemia 
have  been  operated  since  August,  1914,  with  one  operative  death. 

*  Two  of  these  cases  have  been  questioned.  A  more  detailed  report  will  be 
published  later. 
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A  second  patient  died  two  months  after  operation  with  severe 
anemia.  The  third  patient,  two  and  one-half  months  after  opera- 
tion, is  in  very  good  health,  with  hemoglobin  at  70  per  cent.  In 
the  fourth  patient  the  condition  of  the  blood  rapidly  improved 
after  the  operation,  and  the  hemoglobin  was  75  per  cent,  in  three 
months.  The  fifth  patient,  nine  months  after  operation,  had 
gained  £3  pounds,  the  hemoglobin  was  70  per  cent,  and  the  red 
blood-count  3,026,000.  The  last  two  patients  are  at  present  in 
the  hospital.  It  is  therefore  seen  that  in  our  small  series  of  sple- 
nectomies for  pernicious  anemia  there  was  1  operative  death,  1 
death  at  two  months,  while  3  of  the  patients  showed  marked  tem- 
porary improvement.  Many  patients  with  pernicious  anemia 
have  presented  themselves  for  diagnosis,  but  we  have  hesitated  to 
advise  surgical  treatment. 

Hemolytic  Anemia  with  Very  Much  Enlarged  Spleen. — ^There 
were  2  cases  of  an  unusual  type  in  which  the  anemia  was  severe  in 
character,  but  in  which  the  typical  count  of  pernicious  anemia  was 
not  present  and  in  which  the  spleen  was  very  much  larger  than  that 
ordinarily  seen  in  pernicious  anemia.  The  first  patient  (A7040) 
was  operated  on  February  10,  1910.  The  blood  count  showed 
a  rather  high  color  index,  not,  however,  above  1,  and  there  were  a 
few  nonnoblasts  and  megaloblasts  in  the  smears.  The  spleen  was 
very  large,  weighing  1640  gm.  After  operation  showers  of  normo- 
blasts occurred,  a  finding  which  is  quite  unusual  in  other  types  of 
splenomegaly  save  that  of  pernicious  anemia.  The  second  patient 
(A122,468)  was  operated  on  January  23,  1915.  The  spleen  was 
enlarged  early  in  the  history  of  the  disease,  apparently  before  the 
development  of  anemia;  the  blood  findings  were  similar  to  those  of 
the  first  patient,  and  the  spleen  was  large,  weighing  1120  gm. 

It  is  true  that  these  two  cases  may  in  reality  be  pernicious 
anemia,  but  the  great  size  of  the  spleen,  the  fact  that  at  no  time 
was  the  blood  typical  of  pernicious  anemia,  and  the  further  observa- 
tion that  the  enlargement  of  the  spleen  occurred  early  in  the  dis- 
ease, would  rather  lead  to  the  conclusion  either  that  they  belong  to 
a  separate  group  in  the  production  of  which  a  disturbance  of  splenic 
function  may  have  been  primary,  and  in  which  the  reaction  of  the 

'15—33 
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bone-marrow  was  different  from  that  in  splenic  anemia,  or  that  they 
were  instances  of  a  type  of  pernicious  anemia  unusually  active 
both  with  respect  to  blood  production  and  blood  destruction. 

Secondary  Infectious  or  Septic  Splenomegaly. — Under  this 
heading  have  been  placed  five  cases  in  which  the  enlargement  of 
the  spleen  was  not  marked,  in  which  the  splenomegaly  did  not 
seem  to  be  a  primary  factor  in  the  production  of  anemia,  and  in 
which  there  was  evidence  of  preceding  abdominal  or  systemic  sep- 
sis. One  of  these  patients  was  in  good  health  five  years  following 
operation. 

Lues  with  Splenomegaly, — There  were  two  instances  in  which 
large,  non-gummatous  spleens  together  with  secondary  types  of 
anemia  were  present  in  patients  with  strong  positive  Wassermann 
reactions.  In  one  of  these  the  liver  was  smooth  and  specific  treat- 
ment had  been  given  elsewhere  without  benefit.  Splenectomy  was 
followed  by  marked  improvement.  In  the  other  instance  large 
palpable  gummas  were  present  in  the  liver.  These  were  very  much 
reduced  by  specific  treatment  before  operation,  but  the  size  of  the 
spleen  and  the  degree  of  anemia  were  not  affected.  In  this  case 
improvement  has  also  been  marked  since  splenectomy. 

Acquired  Hemolytic  Jaundice. — Two  cases  have  been  classified 
as  hemolytic  jaundice.  It  is  possible  that  both  of  them  may  have 
been  instances  of  biliary  cirrhosis  of  the  liver.  Chronic  jaundice 
was  prominent  in  these  patients  and  anemia  marked. 

Cirrhosis  of  the  Liver, — One  case  has  been  regarded  as  cirrhosis 
of  the  liver.  In  this  patient  neither  was  the  spleen  large  nor  the 
anemia  marked.    Advanced  portal  cirrhosis  was  found  at  operation. 

Myeloci/tic  Leukemia. — A  patient  classified  in  our  report  of  1913 
as  a  case  of  splenic  anemia,  and  so  regarded  by  careful  observers  in 
other  clinics,  but  of  whom  it  was  noted  at  the  time  that  the  blood 
picture  was  not  entirely  satisfactory  for  this  grouping,  continued 
to  be  in  fairly  good  health  for  five  and  one-half  years,  after  which 
the  leukocyte  count  became  increased  to  64,000  with  14  per  cent, 
of  myelocytes. 

Lymphoma  or  Lymphosarcoma. — Our  series  includes  2  cases  of 
lymphosarcoma  of  the  spleen.     One  of  the  patients  remained  well 
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for  several  years  but  finally  died  with  generalized  malignancy 
nine  years  after  operation.  The  second  patient  was  operated  on 
July  3,  1914,  at  which  time  there  was  no  evidence  of  metastases. 
After  operation,  however,  general  glandular  enlargement  rapidly 
occurred  and  death  supervened  five  months  later.  A  third  pa- 
tient presenting  a  decided  lymphocytic  hyperplasia  pathologically, 
but  no  definite  evidence  of  malignancy,  is  well  eight  years  after 
operation. 

Tuberculosis  of  the  Spleen, — In  1904  a  large  spleen  which  proved 
to  be  tuberculous  was  removed  from  a  patient  who  at  the  time  of 
operation  gave  no  definite  evidence  of  tuberculosis  elsewhere  in  the 
body. 

Wandering  Spleen, — Two  cases  of  this  type  were  operated  on 
because  of  pain  resulting  from  twisted  pedicle.  These  patients 
are  both  alive  and  well  three  and  seven  years  following  operation. 

Acui£  Febrile  Non-septic  Splenomegaly, — Several  of  the  cases  in 
this  series  were  very  unusual  in  their  clinical  manifestations  and 
in  the  combination  of  conditions  present.  One  of  them  was  analo- 
gous in  many  ways  to  those  cases  occurring  in  Egypt,  and  reported 
as  Egyptian  splenomegaly,  and  deserves  detailed  description. 

The  patient  (All 7,048)  was  a  man,  aged  thirty  years,  who  gave 
a  history  in  which  there  was  no  record  of  previous  disease.  He  had 
seemed  to  be  toxic  and  somewhat  stupid  for  six  or  eight  weeks,  while 
a  remittent  fever  reaching  103^  F.  had  been  present.  There  had  . 
been  abdominal  enlargement  for  only  two  weeks,  but  no  history  of 
hematemesis,  while  ascites  was  present  at  the  time  of  examina- 
tion and  the  spleen  could  be  felt  on  ballottement.  Wassermann 
test,  Widal  reaction,  blood  cultures,  etc.,  were  negative.  In  spite 
of  the  history  of  fever  and  the  acute  course  of  the  disease,  there 
was  no  leukocytosis,  but  a  definite  leukopenia  with  a  relative  in- 
crease of  lymphocytes  and  an  anemia  of  the  secondary  type  with 
hemoglobin  at  70  per  cent.  The  patient  remained  under  observa- 
tion for  three  months,  the  condition  became  less  acute  in  character, 
and  splenectomy  was  finally  decided  on.  The  spleen  was  very 
large,  weighing  1940  gm.,  and  the  liver  was  somewhat  cirrhotic. 
(The  patient  remained  weak  after  operation,  had  3  hemorrhages 
from  the  bowels,  and  finally  died  five  months  following  operation.) 
The  acute  course,  the  presence  of  high  fever,  the  rapid  develop- 


516  HERBERT   Z.    GIFFIN 

ment  of  a  very  large  spleen  and  ascites,  the  absence  of  leukocytosis, 
and  other  evidence  of  sepsis,  and  the  absence  of  jaundice  formu- 
late the  picture  of  a  most  unusual  type  of  splenomegaly. 

Splenomegaly  tvith  Marked  Eosinophilia. — As  far  as  we  have 
been  able  to  determine,  there  is  no  case  of  this  type  to  be  found  in 
the  literature. 

This  patient  (A81,201)  was  a  man,  aged  thirty-one  years. 
He  was  first  seen  in  March,  1913.  He  had  had  a  continued  fever 
which  was  diagnosed  as  typhoid  eight  years  previous,  and  had 
complained  of  weakness  since  that  time.  Transitory  edema  had 
been  present  for  ten  months  and  had  become  extreme  within  ten 
days.  At  the  time  of  his  first  visit  there  was  a  general  anasarca, 
on  account  of  which  he  was  placed  on  milk  diet,  and  the  edema 
disappeared  in  ten  days.  The  blood  count  at  that  time  showed 
a  secondary  type  of  anemia,  with  hemoglobin  at  69  per  cent,  and 
a  leukocyte  count  of  15,400,  while  the  most  remarkable  feature 
was  the  presence  of  a  66  per  cent,  eosinophilia.  The  patient 
was  under  observation  for  three  months,  during  which  time  many 
blood-counts  were  made  and  verified  by  experienced  hematoIogistA 
and  the  eosinophiles  varied  from  58  to  77  per  cent.  Wassermann 
tests  were  negative;  stools  were  negative;  and  the  examination 
of  muscle  for  trichina;  was  also  negative,  although  not  entirely 
satisfactory.  The  great  enlargement  of  the  spleen  persisted  and 
operation  was  finally  decided  on  and  performed  in  July,  1914. 
The  spleen  weighed  2110  gm.  The  patient  has  done  w-ell  since 
the  operation;  his  leukocyte  count,  however,  has  risen  to  138,000, 
of  which  from  75  to  80  per  cent,  are  eosinophiles.  There  is  very 
little  basis  for  speculation  as  to  the  possible  etiology  of  this  unique 
case. 

Resume 
Our  series  of  58  cases  includes  27  of  splenic  anemia,  3  of  the 
Gaucher  type  of  splenic  anemia,  7  of  pernicious  anemia,  2  of 
hemolytic  jaundice,  5  of  secondary  infectious  or  septic  spleno- 
megaly, 2  of  an  unclassified  type  of  hemolytic  anemia  with  marked 
splenomegaly,  2  of  lues,  3  of  sarcoma  or  lymphoma,  2  wandering 
spleens,  and  1  each  of  myelocytic  leukemia,  cirrhosis  of  the  liver, 
and  tuberculosis  of  the  spleen.  In  addition,  it  includes  1  case  of 
acute  febrile  non-septic  splenomegaly  which  is  analogous  in  its 
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clinical  course  to  Egyptian  splenomegaly,  and  1  case  in  which 
splenomegaly  was  associated  with  an  extremely  high  eosinophilic 
count.  Splenic  anemia  is,  in  our  experience,  most  favorable  for 
surgical  treatment.  The  operative  risk  is  relatively  low,  and  the 
prospect  for  a  return  to  normal  health  excellent.  Three  of  the  7 
patients  with  pernicious  anemia  have  shown  temporary  improve- 
ment up  to  nine  months  after  splenectomy.  Removal  of  the 
spleen  in  non-gummatous  splenomegaly  associated  with  syphilis 
has  been  attended  with  excellent  results  in  two  instances. 


IV.     Splenectomy  for    Splenic  Anemia  in    Childhood 
and  for  the  Splenic  Anemia  of  Infancy* 

HERBERT   Z.    GIFFIN 


It  is  my  purpose  to  lead,  not  to  confusion,  but  rather  to  a  dis- 
tinction and  a  comparison  by  discussing  in  the  same  paper  the  adult 
form  of  splenic  anemia  as  it  occurs  in  childhood,  and  the  splenic 
anemia  of  infancy  (anaemia  pseudoleuksemica  infantum).  Anaemia 
pseudoleuksemica  infantum,  or  von  Jaksch's  disease,  seems  to  have 
no  relationship  clinically  or  pathologically  to  leukemia,  and  it  is 
agreed  by  such  authorities  as  Wentworth,^  Hutchison,^  and  Os- 
trowsky'  that  this  terminology  should  be  discarded  and  the  disease 
referred  to  as  infantile  splenic  anemia  or  the  splenic  anemia  of  in- 
fancy. The  adult  form  of  splenic  anemia  as  it  occurs  in  children 
and  the  splenic  anemia  of  infancy  have  many  characteristics  in 
common,  as  well  as  certain  distinctive  differences. 

The  blood  of  children,  and  particularly  the  blood  of  infants 
under  two  years  of  age,  differs  normally  from  the  blood  of  adults 
(Shaw^).  A  moderate  leukocytosis  which  is  essentially  a  lympho- 
cytosis is  quite  constant,  and  marrow-cells  are  occasionally  ob- 
served.    A  lymphocyte  percentage  of  40  and  50  in  infants  under 

*  Submitted  for  publication  October  8,  1915.  Reprinted  from  Annals  of 
Surgery,  1915.  b^ii.  676-687. 
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two  years  of  age  is  observed  normally,  and  this  normal  lympho- 
cytosis is  always  to  be  taken  into  account  in  the  consideration  of 
any  case  of  infantile  anemia.  It  is  also  generally  recognized  that 
the  blood  of  infants  reacts  diflferently  than  the  blood  of  adults  to 
various  toxic  agents.  A  lower  red-cell  count  with  a  consequent 
higher  color  index,  the  occurrence  of  degenerated  red  cells,  the 
presence  of  normoblasts  and  occasional  megaloblasts,  and  a  leuko- 
cytosis of  10,000,  15,000,  or  20,000,  with  the  occurrence  of  eosino- 
philes  and  myelocytes,  are  frequently  present  in  the  anemias  of 
infancy. 

The  splenic  anemias  of  childhood  and  infancy  have  been  divided 
by  Hunter,*^  chiefly  according  to  the  blood-picture,  into  three  types. 
Type  one  corresponds  to  the  clinical  picture  of  the  splenic  anemia  of 
adults.  There  is  a  large  spleen,  a  gradually  developing  or  recurring 
anemia,  and  the  blood  presents  the  picture  of  a  secondary  type  of 
anemia  with  a  relatively  low  color  index  and  an  absence  of  leuko- 
cytosis. Lymphocytes  are  present  in  a  normal  percentage,  40 
or  50  per  cent.,  and  there  is  only  an  occasional  normoblast  to  be 
found.  Hunter's  type  two  includes  cases  in  which  the  leukocyte 
count  is  between  10,000  and  20,000,  and  in  which  a  variable  num- 
ber of  normoblasts  and  megaloblasts  are  present  in  the  smears. 
The  color  index  is  relatively  higher.  Type  three  embraces  those 
cases  in  which  the  leukocyte  count  is  above  20,000,  and  great 
numbers  of  normoblasts,  together  with  occasional  megaloblasts, 
eosinophiles,  and  myelocytes  occur.  Authorities  seem  to  agree 
that  there  is  no  essential  distinction  between  types  two  and  three, 
and  it  would  apparently  be  best  to  classify  the  cases  into  two 
groups:  First,  those  conforming  to  the  syndrome  of  the  splenic 
anemia  of  adults,  with  absence  of  leukocytosis,  and,  second,  those 
conforming  to  that  of  the  splenic  anemia  of  infancy  and  showing 
a  leukocytosis,  the  presence  of  a  variable  number  of  marrow-cells, 
and  a  relatively  high  color  index. 

1.  Splenectxnfiy  for  the  Adult  Form  of  Splenic  Anemia  in  Child- 
hood, — Reports  of  cases  conforming  from  a  clinical  standpoint  to 
the  adult  form  of  splenic  anemia  and  Banti's  disease  in  childhood 
are  not  uncommon  in  literature.    Reports  of  cases  of  this  type  in 
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which  splenectomy  has  been  done  are,  however,  much  less  numer- 
ous. This  discussion  will  be  confined  to  patients  of  the  first 
decade. 

Gaucher's  disease,  lymphosarcoma,  septic  splenomegaly,  par- 
ticularly as  associated  with  endocarditis,  and  the  splenomegalies 
of  syphilis,  rickets,  and  hemolytic  jaundice  are  to  be  especially 
excluded  in  the  differential  diagnosis  of  splenic  anemia  in  childhood. 
I  have  been  able  to  collect  from  the  literature  five  cases  in  which 
splenectomy  has  been  done  for  conditions  which  conform,  some 
of  them  imperfectly,  to  the  adult  type  of  splenic  anemia  occurring 
in  children  under  ten  years  of  age.  It  is  to  be  regretted  that  com- 
plete pathologic  descriptions  of  the  spleen  cannot  be  obtained  in 
all  these  cases,  as  the  diagnosis  is  undoubtedly  questionable  in 
some  of  them.  Brief  descriptions  of  the  collected  cases  are  re- 
viewed, and  one  case  of  our  own  is  discussed  in  detail. 

Bland-Sutton,^  in  1895,  performed  a  splenectomy  on  a  girl 
aged  five  years,  with  an  enlarged  spleen  and  anemia.  There  was 
a  negative  family  history  and  "leukemia,  syphilis,  rickets,  and 
lardaceous  disease  were  excluded."  The  spleen  weighed  10  ounces. 
Blood  count  and  pathologic  description  were  not  given.  Eighteen 
years  later  this  patient  seemed  to  be  a  perfectly  healthy  woman. 

Luce*°  reported  a  splenectomy  (November  16,  1908)  upon  a  girl 
aged  six  years.  The  case  was  very  carefully  studied,  and  con- 
formed quite  closely  to  the  syndrome  of  splenic  anemia.  There 
was  no  history  of  syphilis  and  no  familial  tendency.  The  spleen 
extended  5  cm.  below  the  costal  margin,  and  a  blood  count  showed: 
Hemoglobin,  30  per  cent.,  red-cell  count,  2,100,000,  and  leukocyte 
count,  6700.  There  was  considerable  evidence  of  blood  destruc- 
tion, with  an  occasional  normoblast  in  the  smears.  The  spleen 
weighed  240  gm.;  there  was  a  hypertrophy  of  the  follicles,  a  rela- 
tive atrophy  of  the  lymphatic  elements,  and  marked  engorge- 
ment of  the  sinuses.  Nine  months  after  operation  the  patient  was 
in  excellent  condition. 

Sutherland  and  Burghard^  reported  splenectomy  (1910)  in  a 
girl  aged  six  years,  in  whom  the  hemoglobin  was  30  i)er  cent.,  the 
red-cell  count  1,870,000,  and  the  white  count  2400.  A  very  faint 
jaundice  was  present.  Two  months  after  operation  the  hemo- 
globin was  65  per  cent.  The  spleen  showed  a  generalized  hyper- 
plasia and  weighed  one  pound.     This  case  was  reported  as  a 
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splenic  anemia,  but  is  referred  to  by  Elliott  and  KanaveP  as  a 
doubtful  case  of  hemolytic  jaundice. 

D'Espine*  in  191S  reported  a  splenectomy  in  a  case  which  he 
classified  as  Banti's  disease  in  a  sixteen-months-old  girl  baby. 
The  spleen  weighed  201  gm.  and  showed  a  diffuse  fibrosis.  The 
anemia  was  of  the  secondary  type,  with  a  leukocytosis  of  16,120, 
and  the  presence  of  an  occasional  normoblast.  The  child  died 
six  weeks  later,  and  at  autopsy  a  glandular  tuberculosis  was  found, 
but  animal  inoculation  with  splenic  tissue  gave  negative  results. 
D'Espine  states  that  Banti's  disease  of  adults  probably  dates  from 
early  childhood  in  many  cases. 

Barling*^  reported  a  splenectomy  (February  25,  1914)  in  a  girl 
aged  six  years,  who  had  vomited  blood  ten  weeks  previously. 
The  spleen  extended  three  inches  below  the  costal  margin.  The 
hemoglobin  was  60  per  cent.,  red-cell  count  3,600,000,  and  the  white 
varied  from  7000  to  26,000.  This  case  cannot  be  accurately  classi- 
fied because  of  the  fact  that  the  differential  count  and  pathologic 
description  of  the  spleen  were  not  given.  Death  occurred  on  the 
fourth  day  after  operation,  and  at  autopsy  an  acute  hepatitis  was 
found.  Barling  also  mentions  a  splenectomy  in  a  boy  aged  six, 
by  French  and  Turner,^^  but  this  case  would  better  be  grouped 
with  the  splenomegalies  associated  with  syphilis. 

In  our  series  of  68  splenectomies  for  various  conditions  (Sep- 
tember 1,  1915)  there  has  been  only  one  in  a  patient  of  the  first 
decade,  and  this  one  but  a  recent  case.  It  will  be  seen  that  this 
case,  of  which  a  description  follows,  corresponds  quite  accurately 
from  a  clinical  standpoint  to  the  splenic  anemia  of  adults. 

Case  A137,566. — ^F.  M.  D.,  a  girl  two  and  one-half  years  of 
age,  was  first  examined  August  3,  1915.  The  family  history  was 
entirely  negative,  and  anemia,  hemophilia,  and  splenomegaly 
were  inquired  about  particularly.  There  were  four  other  children 
in  the  immediate  family,  all  healthy,  and  the  mother  had  had  no 
miscarriages.  The  patient  had  evidently  been  entirely  well  until 
about  one  month  before  examination,  when  suddenly  she  vomited 
a  large  quantity  of  blood,  estimated  by  the  parents  at  one  quart, 
and  the  stools  became  black  for  two  or  three  days.  Strength  and 
color  were  promptly  regained,  and  the  patient  was  soon  quite  well 
again.  Two  weeks  before  examination  a  second  hemorrhage 
occurred,  less  severe  than  the  first.     After  this  second  hemorrhage. 
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however,  the  patient  seemed  to  get  progressively  paler  and  weaker. 
An  abdominal  mass  was  found  two  weeks  before  examination. 
Ten  days  before  examination  an  eruption  which  seemed  to  be  urti- 
carial in  character  appeared  and  disappeared  again  in  twenty- 
four  hours.  There  was  slight  fever  at  this  time,  but  a  history  of 
fever  at  any  other  time  could  not  be  elicited.  The  appetite  was 
poor,  the  bowels  were  regular,  and  micturition  was  normal. 

On  examination  the  child  was  found  to  be  thin  and  very  pale. 
The  abdominal  mass  could  be  easily  identified  by  its  contour  and 
notch  as  spleen.  It  extended  to  a  point  below  the  level  of  the 
navel.  The  liver  dulness  did  not  seem  to  be  abnormal.  The 
superficial  glands  were  very  slightly  enlarged.  There  was  no 
fever.  Wassermann  test  and  Widal  reaction  were  negative..  The 
blood  count  showed  a  secondary  type  of  anemia  with  a  color  index 
of  0.4  and  an  absence  of  leukocytosis.  The  hemoglobin  was 
20  per  cent.;  a  red-cell  count  was  2,010,000.  The  red  cells  showed 
marked  anisocytosis  and  moderate  polychromatophilia,  and  only 
one  normoblast  was  seen  while  counting  300  white  cells.  There 
was  no  increase  in  the  fragility  of  the  red  cells.  The  leukocyte 
count  was  4000.  A  differential  count  of  300  cells  showed  poly- 
nuclear  neutrophiles,  22.7  per  cent.;  small  lymphocytes,  50  per 
cent.;  large  lymphocytes,  12.32  per  cent.;  eosinophiles,  12.3  per 
cent.;  basophiles,  2.3  per  cent.;  neutrophilic  myelocytes,  0.3  per 
cent. 

Operation  (D.  C.  Balfour,  August  15,  1915). — Splenectomy  in 
this  case  did  not  offer  any  marked  technical  difficulties,  although 
the  risk  was  apparently  considerable  on  account  of  the  patient's 
age  and  the  severe  degree  of  anemia.  A  left  rectus  incision  was 
made.  The  diaphragmatic  adhesions  rendered  dislocation  of  the 
spleen  somewhat  hazardous.  A  long  pack  was  interposed  be- 
tween the  spleen  and  the  oozing  diaphragmatic  surface  to  control 
the  bleeding,  if  possible,  without  the  necessity  for  suturing  later. 
The  edematous  condition  of  the  tissues  made  them  very  friable, 
and  the  pedicle  had  to  be  ligated  with  especial  care.  It  was 
thought  advisable  to  leave  the  hemostatic  pack  in  place  until  the 
incision  had  almost  closed,  and  this  proved  efficacious.  The  pa- 
tient's recovery  from  the  operation  was  surprisingly  good;  there 
were  no  complications,  and  she  left  the  hospital  on  the  ninth  day. 

Pathologic  Report  (L.  B.  Wilson)  .—Case  A137,566,  F.  M.  D. 
Weight  of  spleen,  110  gm.;  slight  notch;  moderate  perisplenitis 
over  convex  surface;  capsule  not  thickened;  on  section,  gland 
somewhat  tough,  showing  considerable  fibrosis;    lymphoid  areas 
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well  defined  and  increased  in  size.  Microscopic  examination  shows 
moderate  diffuse  fibrosis  (chronic  splenitis);  pulp  2;  lymphoid 
tissue  3;  reticulum  2;  endothelium  of  sinuses  2;  pigment  0; 
amyloid  degeneration  0;  arteriosclerosis  1.*  It  will  thus  be  seen 
thiat  the  most  marked  changes  were  the  increase  in  lymphoid  tis- 
sues (non-diffuse)  and  stroma  and  the  hypertrophy  of  the  reticulo- 
endothelium  of  the  sinuses.  The  arteriosclerosis,  though  small 
in  amount,  is,  of  course,  unusual  w^hen  the  age  of  the  patient  is 
considered. 

Subsequent  Condition, — Three  days  following  operation  the 
hemoglobin  was  27  per  cent.,  the  leukocytes  had  increased  to 
14,600,  of  which  71.3  per  cent,  were  polynuclear  neutrophiles,  and 
76  normoblasts  were  seen  while  counting  300  white  cells.  Future 
reports  will  contain  the  ultimate  result  in  this  case. 

2.  Splenectomy  for  the  Splenic  Anemia  of  Infancy. — The  splenic 
anemia  of  infancy  as  a  clinical  entity  was  described  by  GretseU* 
in  1866.  To  this  syndrome  he  gave  the  name  of  "splenic  anemia 
of  infants."  Somma,"  in  1884,  described  the  same  condition  under 
the  title  of  "anaemia  splenica  infantile."  Von  Jaksch,"  in  1888 
and  1890,  brought  the  disease  more  clearly  to  the  notice  of  the 
medical  profession  under  the  name  of  "anaemia  pseudoleukarmica 
infantum."  Many  cases  of  the  splenic  anemia  of  infancy  have 
been  reported  in  the  literature,  and  much  discussion  has  resulted, 
particularly  concerning  its  relationship  to  rickets,  syphilis,  and  the 
gastro-intestinal  disturbances.  It  seems  to  have  been  clearly 
shown  that,  for  the  present,  at  least,  it  is  useful  to  regard  certain 
cases  of  severe  secondary  anemia  in  infancy  with  marked  spleno- 
megaly and  a  more  or  less  characteristic  blood-picture  as  a  separate 
disease  entity,  in  spite  of  the  frequent  association  of  rickets. 

Splenectomy  for  the  splenic  anemia  of  infancy  has  been  per- 
formed, as  far  as  I  have  been  able  to  find,  in  but  four  unquestioned 
cases. 

Wolff,*'  in  1906,  operated  on  a  boy  baby  aged  eighteen  months, 
of  whom  there  was  a  six  months'  history  of  illness.  The  spleen 
was  very  large,  the  blood  showed  a  hemoglobin  of  40  per  cent.,  a 

*  The  numbers,  0,  1,  2,  S,  4,  indicate  the  relative  amounts  of  the  several  tissue 
elements. 
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red-cell  count  of  467,000,  and  a  white-cell  count  of  37,800.  The 
differential  count  showed  a  lymphocytosis  and  the  presence  of 
mast-cells  and  eosinophils.  There  was  a  considerable  poikilo- 
cytosis  and  anisocytosis,  and  many  normoblasts  and  megaloblasts 
were  present.  The  child  was  in  very  poor  condition.  Ascites 
was  present,  the  liver  was  enlarged,  and  an  operation  was  advised 
as  a  last  resort.  Splenectomy  was  performed  July  29,  1905.  The 
spleen  weighed  500  gm.  and  showed  an  induration  of  the  connective- 
tissue  framework,  but  no  enlargement  of  the  Malpighian  bodies. 
There  was  no  increase  of  lymphocytes  in  the  spleen  pulp.  By  the 
tenth  day  after  operation  the  hemoglobin  had  risen  from  40  to  51 
per  cent.,  and  the  red-cell  count  from  467,000  to  2,500,000,  while 
the  leukocytes  were  36,000.  Three  years  after  operation  this 
patient  was  presented  before  the  Deutsche  Gesellschaft  fUr  Chir- 
urgie  in  excellent  general  condition.  The  blood-picture  was  nor- 
mal save  that  the  leukocytes  had  remained  increased. 

Graff,"  in  1908,  reported  the  case  of  a  fifteen-months-old  baby 
on  whom  splenectomy  had  been  done  in  the  summer  of  1907. 
The  family  history  was  negative;  the  child  had  apparently  been 
normal  to  the  tenth  month.  After  this  time  the  appetite  failed 
and  the  child  lost  weight,  while  there  was  a  gradual  increase  in  the 
size  of  the  abdomen.  At  the  time  of  the  examination  the  patient 
was  emaciated,  scrawny,  yellowish- white  in  color,  and  weighed 
only  11  pounds.  There  was  evidence  of  mild  rickets.  The  spleen 
extended  beyond  the  midline  and  downward  almost  to  the  symphy- 
sis. The  liver  did  not  seem  to  be  enlarged.  The  blood-count 
showed  a  hemoglobin  of  45  per  cent.,  a  red-cell  count  of  1,800,000, 
with  many  normoblasts  and  a  few  megaloblasts.  The  white-cell 
count  was  37,000,  and  an  examination  of  the  smears  showed  a 
lymphocytosis.  The  spleen  measured  16  x  10  x  8  cm.,  and  weighed 
one  pound  or  nearly  one-tenth  of  the  body  weight.  It  was  very 
firm  and  hard.  On  examination  it  showed  an  increase  of  con- 
nective tissue,  occasional  hemorrhages,  and  small  collections  of 
lymphocytes,  and  giant-cell-like  structures  similar  to  bone-marrow 
giant-cells.  There  was  no  evidence  of  tuberculosis  or  tumor. 
After  splenectomy  the  patient  began  immediately  to  improve. 
In  five  weeks  the  hemoglobin  was  50  per  cent,  and  the  red-cell 
count  had  risen  from  1,800,000  to  5,000,000.  In  nine  months  the 
patient  was  quite  well,  weighed  21  pounds,  and  the  blood  w^as 
almost  normal. 

Fowler^^  performed  a  splenectomy  in  April,  1914,  on  a  fourteen- 
months-old  girl  baby,  in  whom  the  spleen  was  much  enlarged, 
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the  liver  was  apparently  normal  and  the  blood  count  showed  a 
hemoglobin  of  50  per  cent.,  a  red-cell  count  of  3,316,000,  giving  a 
color  index  of  0.9  i>er  cent.,  with  many  normoblasts  and  occasional 
megaloblasts  in  the  blood  smears,  together  with  a  considerable 
variation  in  the  size  and  the  staining  qualities  of  the  red  cells. 
The  leukocyte  count  was  30,000,  with  polynuclears  of  40  j>er  cent., 
large  mononuclears  12  per  cent.,  and  small  mononuclears  38  |>er 
cent.  One  month  after  operation  the  hemoglobin  was  65  per 
cent,  and  the  red-cell  count  3,430,000,  with  occasional  normo- 
blasts and  megaloblasts,  the  leukocyte  count  15,000,  of  which  the 
small  mononuclears  was  78  per  cent. 

PooP®  performed  a  splenectomy  on  a  boy  baby  of  nine  months 
on  August  17,  1914,  after  a  preliminary  blood  transfusion  of  150 
c.c.  The  infant  had  been  bom  at  seven  months,  and  nutritional 
disturbances  had  been  troublesome.  The  child  was  very  poorly 
developed,  anemic,  and  showed  evidence  of  rickets.  The  liver 
extended  2  cm.  below  the  edge  of  the  ribs,  and  the  spleen  5  cm. 
below  the  left  costal  margin.  A  Wassermann  test  was  negative. 
The  patient  had  been  on  preliminary  medical  treatment  for  six 
weeks  without  improvement.  The  hemoglobin  before  operation 
varied  from  30  to  45  per  cent.,  the  red  count  from  1,400,000  to 
2,400,000,  and  the  leukocytes  from  17,000  to  54,000.  A  differen- 
tial count  showed  polynuclears  of  35  per  cent.,  eosinophiles  2  per 
cent.,  lymphocytes  49  per  cent.,  transitionals  3  per  cent.,  large 
mononuclears  6  per  cent.,  and  myelocytes  5  per  cent.  Normo- 
blasts had  varied  from  6  to  66  per  100  white  cells,  and  of  these  two 
or  three  were  megaloblasts.  Two  months  after  operation  the 
hemoglobin  had  risen  to  85  per  cent.,  the  red-cell  count  to  4,200,000, 
and  the  white-cell  count  had  decreased  to  13,300.  The  high 
lymphocyte  percentage  persisted,  but  the  normoblasts  were  de- 
creased in  number.  Three  months  after  operation  the  patient 
was  reported  to  be  not  as  well  as  he  had  been  at  two  months. 

None  of  our  cases  of  the  splenic  anemia  of  infancy  has  so  far 
been  operated  on,  and  my  purpose  in  collecting  these  4  instances 
of  splenectomy  for  the  splenic  anemia  of  infancy  is  to  call  atten- 
tion to  the  fact  that  excellent  results  have  been  obtained  in  very 
severe  types  of  the  disease.  Wolff's  patient  was  in  excellent  con- 
dition three  years  after  operation,  Graff's  patient  had  improved 
markedly  nine  months  after  operation,  and  Fowler's  patient  was 
in  satisfactory  condition  one  month  after  operation.    Pool's  pa- 
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tient  showed  remarkable  improvement  for  two  months,  and  at 
three  months  was  reported  as  in  a  less  satisfactory  condition,  but 
it  must  not  be  lost  sight  of  that  his  patient  was  a  premature 
child  and  had  developed  very  poorly.  It  is  emphasized  by  WolflF 
that  splenectomy  should,  for  the  present,  be  reser\'ed  for  severe 
cases  of  the  disease.  The  milder  types  improve  upon  medical 
treatment,  but  the  severer  types  die,  usually  of  some  intercurrent 
affection. 

Discussion. — ^An  excellent  conception  of  the  varied  types  of  dis- 
ease in  which  anemia  is  associated  with  chronic  enlargement  of  the 
spleen  in  children  and  infants  can  be  obtained  from  the  several 
papers  by  Wentworth,^  who  gives  excellent  reviews  of  reported 
cases.  Wentworth  concludes  that  the  splenic  anemia  of  infancy 
is  a  secondary  anemia  and  in  no  way  related  to  leukemia.  He 
also  infers  that  the  adult  form  of  splenic  anemia  may  be  a  pro- 
totype of  the  splenic  anemia  of  infants.  Hutchison^  collected  22 
cases  of  the  splenic  anemia  of  infancy  in  patients  from  nine  months 
to  two  and  one-half  years  of  age.  Ostrowsky'  reports  10  cases  o^ 
his  own,  varying  in  age  from  seven  months  to  two  years,  with 
leukocyte  counts  of  from  8000  to  25,000.  Carpenter,^®  in  a  review 
of  348  patients  with  splenomegaly  under  twelve  years  of  age, 
places  rickets  first  and  syphilis  second  in  the  etiologic  rdle.  Ashby^^ 
concludes  that  the  toxin  causing  rickets  may  also  cause  the  splenic 
anemia  of  infancy,  and  that  the  reported  cases  vary  from  those 
with  marked  bone  changes  and  small  spleen  to  those  with  slight 
bone  changes  and  a  very  large  spleen.  Carr^  draws  attention, 
however,  to  the  following  facts:  First,  that  in  a  majority  of  rickety 
children  there  is  no  splenic  enlargement;  second,  that  there  is  no 
connection  between  the  severity  of  the  rickets  and  the  size  of  the 
spleen,  or  the  degree  of  the  anemia;  third,  that  in  certain  cases  of 
the  splenic  anemia  of  infancy  there  is  no  evidence  whatever  of 
rickets.  The  general  experience  seems  to  indicate  that,  granted  the 
frequent  association  of  rickets,  there  are  yet  certain  cases  which, 
on  account  of  their  marked  splenomegaly  and  their  severe  anemia, 
their  evidences  of  extensive  blood  destruction,  and  a  reversion  to 
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the  fetal  type  of  heraatopoiesis  should,  for  the  present  at  least,  be 
grouped  together  as  a  separate  disease  entity. 

Reports  of  cases  of  the  adult  form  of  splenic  anemia  occurring 
in  children  under  two  years  of  age  are  very  difficult  to  find,  while 
the  splenic  anemia  of  infancy  seems  practically  never  to  be  present 
in  patients  over  the  age  of  two  and  one-half  years.  This  observa- 
tion is  in  itself  suggestive  of  the  possibility  that  some  relationship 
may  exist  between  the  two  diseases.  The  chief  clinical  distinctions 
between  the  adult  form  of  splenic  anemia  and  the  splenic  anemia  of 
infancy  are  in  the  blood  picture,  and  chiefly  the  characteristics  of 
the  leukocyte  count.  In  the  splenic  anemia  of  infancy  there  is  more 
evidence  of  blood  destruction  than  in  the  splenic  anemia  of  adult««; 
the  red-cell  count  is  likely  to  be  lower,  and  the  color  index  conse- 
quently higher,  and  norn)oblasts  and  megaloblasts  are  present  in 
the  blood-smears.  In  the  adult  form  of  splenic  anemia  there  is  an 
absence  of  leukocytosis,  while  in  the  splenic  anemia  of  infancy 
there  is  a  notable  leukocytosis,  which  is,  however,  in  reality  a 
lymphocytosis.  Our  knowledge  concerning  the  normal  blood  of 
infants  and  the  reaction  of  the  infant's  blood  to  various  toxic 
agents  would  lead  us  to  regard  these  differences  as  less  surprising. 
And  especially  does  the  biologic  fact  that  infancy  is  a  transition 
period,  in  which  there  may  be  reversions  to  the  fetal  type  of  hem- 
atopoiesis,  have  a  bearing  upon  the  variations  in  the  infantile  type 
of  splenic  anemia.  In  addition  to  the  above  characteristics,  we 
now  have  also  the  knowledge  that  splenectomy  has  been  followed 
by  excellent  results  in  both  conditions.  These  facts  would  suggest 
the  possibility  that  the  splenic  anemia  of  infancy  may  be  a  similar 
condition  to  the  splenic  anemia  of  adults,  and  that  the  differences 
may  be  largely  due  to  the  peculiar  reaction  of  the  infants*  hem- 
atopoietic system  to  the  etiologic  factor  in  the  disease.  For  the 
present,  and  until  our  knowledge  is  much  fuller,  a  sharp  distinction 
should  be  drawn  between  the  two  conditions. 

Summary 
1.  The  normal  lymphocytosis  of  the  infants'  blood  and  the 
decided  reaction  to  various  toxic  agents  is  always  to  be  taken  into 


DISEASES    OF   THE    SPLEEN  527 

account  in  the  consideration  of  any  case  of  infantile  anemia.  In- 
fancy is  a  transition  period  during  which  a  reversion  to  the  fetal 
type  of  hematopoiesis  is  likely  to  occur. 

2.  The  adult  form  of  splenic  anemia  as  it  occurs  in  children  and 
the  splenic  anemia  of  infancy  have  many  characteristics  in  common, 
and  also  certain  distinctive  differences. 

3.  There  is  sufficient  evidence  to  indicate  a  close  relationship 
between  the  adult  form  of  splenic  anemia  as  it  occurs  in  childhood 
and  the  splenic  anemia  of  infancy.  Until  our  knowledge  is  fuller, 
however,  a  sharp  distinction  should  be  drawn  between  the  two 
diseases. 

4.  Splenectomy  has  been  performed  in  only  a  few  instances  of 
the  adult  form  of  splenic  anemia  occurring  in  the  first  decade  of 
life.  One  case  of  this  character  is  reported  herewith.  There  is  a 
doubt  as  to  the  exact  diagnosis  in  some  of  the  seven  cases  collected 
from  the  literature. 

5.  A  review  of  the  literature  of  the  splenic  anemia  of  infancy 
(anaemia  pseudoleuksemica  of  von  Jaksch)  shows  that  splenectomy 
has  been  performed  in  four  instances  of  severe  types  of  the  disease, 
with  marked  immediate  improvement. 
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THE  RELATION  OF  THE  SPLEEN  TO  CERTAIN 

ANEMIAS  * 

WILLIAM   J.    MAYO 


The  story  is  told  of  a  professor  of  physiology  who  asked  a 
medical  student  what  was  the  function  of  the  spleen,  and  received 
the  reply,  "I  did  know  but  have  forgotten."  The  professor  said: 
"It  is  a  great  pity  you  have  forgotten,  because  no  one  else  has  ever 
known."  Recently,  however,  as  a  result  of  the  study  of  the  pathol- 
ogy of  the  living,  largely  from  material  obtained  at  the  operating 
table,  more  accurate  knowledge  of  the  function  of  the  spleen  has 
been  gained,  although  in  this  we  are  still  wofuUy  lacking  as  com- 
pared to  our  knowledge  of  the  other  organs  of  the  body. 

The  Relation  of  the  Spleen  to  the  Liver  and  Digestive 

Tract 
The  spleen  and  liver  are  closely  associated  in  function.  The 
Hver  is  essential  to  life,  the  spleen  is  not.  The  liver  acts  as  a  gi- 
gantic means  of  defense  against  poisons,  both  parasitic  and  chemi- 
cal, which  would  otherwise  reach  the  general  circulation  from  the 
gastro-intestinal  tract  through  the  radicals  of  the  portal  vein.  This 
is  well  shown  in  cancer  of  the  rectum  and  intestine,  which,  through 
the  portal  circulation,  often  develops  embolic  processes  in  the  liver, 
though  seldom  in  the  lung.  Cancer  of  the  stomach,  on  the  other 
hand,  by  reason  of  direct  communications  with  the  general  circu- 
lation through  the  diaphragm,  as  well  as  through  the  portal  vein, 
frequently  develops  secondary  cancer  in  the  lungs  as  well  as  in  the 
Hver. 

*  Address  delivered  before  the  Indiana  State  Medical  Association,  September 
«3,  1915.    Reprinted  from  the  Indiana  State  Med.  Jour.,  1915,  viii,  499-504. 
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The  splenic  artery  arises  from  the  celiac  axis,  the  same  source 
which  supplies  the  pyloric  end  of  the  stomach  and  upper  duodenum, 
the  liver  and  pancreas,  all  of  which  are  derivatives  of  the  foregut, 
and  all  organs  concerned  in  the  proper  preparation  of  food  products 
for  digestion  and  absorption,  as  in  them  also  the  venous  return  of 
the  spleen  becomes  part  of  the  portal  circulation.  The  vascular 
system  of  the  spleen  is  large  and  is  curiously  arranged,  inasmuch  as 
the  walls  of  the  blood-vessels,  except  the  endothelial  lining,  are 
absent  and  the  blood  comes  in  direct  contact  with  the  splenic  pulp. 

The  spleen  contains  a  considerable  amount  of  non-striated 
muscle-fiber  and  elastic  tissue,  but  only  a  very  scanty  supply  of 
nerve  tissue,  and  that  largely  from  the  sympathetic.  Every  organ 
of  important  internal  secretion  is  very  closely,  if  not  organically, 
associated  with  sympathetic  nerve  tissue.  Note  the  adrenals  and 
hypophysis,  part  glandular  and  part  sympathetic  ganglia.  This 
close  relationship  of  the  glandular  secretion  with  the  sympathetic 
nervous  system  enables  wide-spread  effect,  so  that  the  internal 
secretions  may  be  said  to  play  on  the  sympathetic  nervous  sfystem  as 
the  fingers  play  on  a  piano.  The  scanty  nerve  supply  of  the  spleen 
shows  that  it  does  not  produce  an  important  internal  secretion. 
Its  function  must  be  closely  associated  with  metabolism,  shown  by 
enlargement  during  the  digestive  period  and  contraction  following 
digestion.  That  these  physical  changes  are  brought  about  through 
the  blood-stream  seems  assured,  since  epinephrin  solution  in  the 
circulation  will  cause  the  spleen  to  contract  one-third  in  size,  as 
noted  by  Elliott  and  Kanavel.^ 

The  idea  that  the  spleen  is  an  obsolete  organ  of  little  function 
is  not  tenable,  as  Eccles^  has  pointed  out.  The  outstanding  fact 
in  a  retrogressing  organ  is  the  reduced  blood-supply.  The  tonsils, 
for  example,  were  at  one  time  supposed  to  be  retrogressive,  but  the 
fact  that  the  tonsil  has  five  sources  of  blood-supply  shows  that  it 
is  not  obsolescent,  yet  it  is  not  essential  to  life,  and  when  diseased 
has  great  potentiality  for  harm.  This  is  quite  analogous  to  the 
spleen. 

It  would  appear  that  the  spleen  removes  from  the  circulation 
not  only  cellular  elements  of  definite  food  value,  but  also,  when 
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unable  to  care  for  these  products,  sends  them  to  the  liver  for 
elaboration  into  energy-producing  substances,  on  the  one  hand, 
and  destruction  of  various  toxic  agents  on  the  other,  that  nothing 
of  value  may  be  eliminated  and  that  dangerous  products,  wherever 
produced,  may  be  rendered  harmless. 

The  relation  of  all  animal  life  to  food  supply  is  of  first  impor- 
tance. It  is  a  trite  saying  that  nature  abhors  waste.  The  amount 
of  energy  nature  can  produce  in  the  living  with  a  limited  amount  of 
food  has  no  imitators  in  man's  handiwork.  One  must  confess  that 
whatever  his  mental  and  moral  deficiencies,  and  they  are  certainly 
great,  as  a  machine,  man  has  no  equal.  The  degenerated  cellular 
elements  from  the  blood  and  even  the  food  values  of  ingested  para- 
sites are  conserved.  It  has  been  shown  that  the  phagocytes  of 
the  body  depend,  to  a  considerable  extent,  on  ingested  bacteria  for 
their  nutrition  (Hiss'*).  Stohrs  and  Adami  have  shown  that  the  leu- 
kocytes of  the  body  pass  out  on  the  free  surface  of  the  intestine  and 
return  loaded  with  bacteria  and  particles  of  fat,  and  that  the  pig- 
mented areas  of  the  Uver  are  derived  from  the  coloring-matter  of 
slaughtered  bacteria.  In  the  same  manner  the  fluids  of  the  intes- 
tinal tract  are  redistilled  in  the  proximal  colon  after  being  used 
mechanically  to  float  the  food  products  down  the  small  intestine 
and,  that  nothing  may  be  wasted,  bring  them  in  contact  with  the 
valvidfle  conniventes,  which  are  to  man  what  roots  are  to  a  tree. 

The  close  association  of  cirrhosis  of  the  liver  with  enlargements 
of  the  spleen  has  long  been  noted.  In  primary  cirrhosis  of  the  liver 
the  spleen  is  enlarged,  and  in  splenic  anemia  with  splenomegalia  the 
terminal  stage  shows  cirrhosis  of  the  liver.  In  some  ca^s  much 
diflSculty  is  experienced  in  determining  whether  the  hepatic  cir- 
rhosis is  primary  and  the  splenomegalia  secondary,  or  the  contrary. 
Nearly  thirty  years  ago  Gregory*  rather  picturesquely  stated  that 
nature  had  three  ways  of  protecting  the  organism  against  noxious 
agents:  First,  by  absorption,  destruction,  and  elimination  through 
natural  processes;  second,  by  encapsulation  of  such  harmful  sub- 
stances as  it  was  unable  completely  to  destroy  or  eliminate,  of 
which  the  encysted  bullet  is  a  gross  example;  and  third,  by  extru- 
sion, as  in  the  spontaneous  opening  and  discharge  of  infective 
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organisms  in  phlegmons.  It  would  seem  probable  that  in  cirrhosis 
of  the  liver  the  second  of  these  methods  was  in  operation.  It  has 
been  suggested  that  in  chronic  alcoholism,  for  example,  the  liver, 
finally  unable  to  destroy  and  eliminate,  attempts  to  encapsulate 
a  diffuse  poison,  and  that  the  contraction  of  this  scar  tissue  pro- 
duces the  cirrhosis.  But  cirrhosis  of  the  liver  is  by  no  means  con- 
fined to  alcoholics.  It  is  often  seen  in  comparatively  young  people, 
and  those  who  have  never  used  alcohol.  It  probably  would  not  be 
far  wrong  to  say  that  certain  toxic  substances  circulating  in  the 
blood  may  be  gathered  into  the  spleen  and  sent  thence  to  the  liver 
for  destruction,  and  that  chronic  hepatic  insufliciency  might  even- 
tually lead  to  the  production  of  cirrhosis  of  the  liver,  on  one  hand, 
and,  on  the  other,  show  its  effect  on  the  spleen,  as  a  splenomegaly 
with  resulting  anemia,  as,  no  matter  what  the  cause  of  the  splenic 
hypertrophy  may  be,  an  increased  capacity  for  destruction  of  the 
red  cells  seems  liable  to  develop.  Syphilitic  cirrhosis  of  the  liver 
with  splenomegalia  is  an  example  of  the  non-alcoholic  type  of 
disease,  and  splenectomy  in  these  cases  promptly  relieves  the  ane- 
mia, although  the  spleen  itself,  on  pathologic  examination,  may 
show  no  evidence  of  spirochetal  action. 

Certain  it  is  that  the  removal  of  the  spleen  has  been  of  very 
great  benefit  in  some  cases  of  cirrhosis  of  the  liver.,  especially  of  the 
Hanot  type.  These  experiences,  however,  have  been  too  recent  to 
enable  any  conclusion  to  be  drawn,  but  among  the  group  of  splenic 
anemias  in  which  a  greatly  enlarged  spleen  has  been  removed  and 
cirrhosis  of  the  liver  was  present  with  ascites,  etc.,  patients  have 
been  apparently  cured,  and  the  cures  have  now  lasted  long  enough 
to  enable  us  to  say  that  at  least  the  cause  of  a  progressive  and  here- 
tofore fatal  malady  has  been  removed.  We  could  not  expect  a 
cirrhosed  liver  to  return  to  normal,  but  the  progress  of  the  cirrhotic 
process  has  been  interrupted  and  the  remaining  hepatic  tissue  has 
been  sufficient  to  carry  on  function.  Of  the  important  organs  of 
the  body,  the  liver  is  one  of  the  few  which  has  the  power  of  regen- 
eration. If  half  of  the  liver  of  a  dog  be  removed,  it  will  be  restored 
in  a  few  months.  In  the  kidney,  regeneration  does  not  take  place. 
It  is  rather  hypertrophy  of  the  original  tissue  of  the  kidney  than 
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a  true  reproduction  of  lost  tissue  from  existing  tissue  which  occurs 
under  similar  experimentation. 

If  we  accept  the  idea  that  the  spleen  removes  from  the  blood 
noxious  agents,  are  we  to  conclude  that  all  the  circulatory  blood 
must  go  through  the  spleen  for  this  purpose;  or  is  there  an  attrac- 
tion between  organs  and  the  arterial  supply  of  the  body,  that  is, 
do  certain  organs  definitely  attract  substances  circulating  in  the 
blood?  Rosenow^  has  shown,  for  example,  that  the  streptococci 
cultured  in  the  gall-bladder  are  definitely  attracted  to  the  gall- 
bladders of  experimental  animals  when  injected  into  the  circula- 
tion. This  is  also  equally  true  of  other  organs — the  appendix,  the 
stomach,  etc.,  so  that  he  has  been  able  to  produce  definite  infections 
of  organs  with  injections  of  bacteria  properly  cultured. 


The  Relation  of  the  Spleen  to  the  Blood 
The  spleen  is  found  in  all  red-blooded  animals.  The  ancestral 
blood-corpuscle,  from  which  both  red  and  white  have  their  origin, 
is  probably  the  mesenchyme  cell,  a  form  of  lymphocyte  which  ap- 
pears first  in  the  fetal  blood.  The  most  primitive  blood  is  therefore 
white  blood.  This  is  found  in  the  fetus  before  the  red  blood 
appears.  All  animals  that  have  only  one  kind  of  blood  have  white 
blood.  As  the  scale  of  animal  life  ascends  red  blood  begins  to 
appear,  and  nearly  all  the  conditions  of  the  blood  of  the  difiPerent 
anemias  is  the  normal  blood  of  some  of  the  lower  animals.  In  fetal 
life  all  the  lymphoid  and  adenoid  structures  of  the  body,  the 
bone-marrow,  the  spleen,  and  in  its  early  stage,  probably  also  the 
liver,  are  blood-forming  organs.  The  liver  loses  this  function  long 
before  birth.  In  leukemia  all  these  primitive  organs,  including 
the  spleen  and  liver,  for  some  unknown  reason,  begin  to  produce 
embryonic  white  blood,  just  as  in  cancer  there  is  an  unlimited  pro- 
duction of  embryonic  epithelial  cells,  and  in  sarcoma  of  embryonic 
connective-tissue  cells.  After  birth,  the  spleen  continues  to  produce 
a  certain  number  of  leukocytes,  as  shown  by  the  fact  that  the 
splenic  vein  contains  a  higher  percentage  of  leukocytes  than  the 
other  veins  of  the  body,  but  does  not  produce  erythrocytes.    Osier* 
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states  that  after  severe  hemorrhages  the  spleen  may  temporarily 
produce  red  cells. 

It  has  also  been  definitely  shown  that  worn-out  red  corpuscles 
are  strained  out  in  the  spleen  and  destroyed;  thus  the  splenic  vein 
contains  a  higher  percentage  of  hematin  than  other  veins  of  the 
body.  In  disease  we  may  surmise  that  excess  of  splenic  function 
destroys  red  corpuscles  which  are  not  worn  out,  and  the  condition 
becomes  one  which  we  speak  of  as  splenic  anemia  or  hypersplenism, 
and  that  the  exceedingly  rare  condition  of  excess  of  red  cells  in  the 
blood  called  polycythemia  may  be  due  to  deficiency  of  function  of 
the  spleen  and  associated  organs — ^a  hyposplenism.^  This  explana- 
tion, however,  is  undoubtedly  too  simple  and  does  not  take  into 
account  the  possibility  of  the  spleen  interfering  in  some  unknown 
manner  with  the  production  of  red  cells  in  the  bone-marrow.  It  is 
more  probable,  however,  that  in  certain  conditions  of  disease  red 
cells  are  sensitized  in  other  tissues,  as  shown  by  the  increased 
fragility  of  the  red  cells  (ChaufiPard*  and  WidaP),  and  are  then 
destroyed  in  the  spleen.  Since,  when  the  spleen  is  removed  in 
cases  of  primary  anemia,  pernicious  anemia,  and  in  hemolytic 
jaundice,  it  is  found  crowded  with  disorganized  erythrocytes,  this 
hypothesis  seems  the  more  logical. 

Of  great  significance  is  the  knowledge  that  the  spleen,  and  pos- 
sibly other  organs,  of  themselves  not  necessary  to  life,  may  be  the 
link  easily  broken  in  an  otherwise  fatal  chain.  From  the  fact  that 
the  spleen  is  not  necessary  to  life,  and  yet  that  its  removal  may 
definitely  check  certain  hopelessly  progressive  blood  dyscrasias,  one 
must  conclude  that  the  spleen  is  not  the  cause,  but  rather  the  agent 
of  destruction,  as  in  hemolytic  jaundice,  and  that  when  the  spleen 
is  removed,  the  noxious  substances  are  rendered  innocuous  else- 
where under  more  favorable  conditions,  although  what  becomes  of 
these  toxic  agents  after  the  spleen  is  removed  we  have  no  means 
of  knowing.  Be  this  as  it  may,  clinical  experience  has  definitely 
shown  that  many  of  those  anemias  associated  primarily  with  an 
enlarged  spleen  and  secondarily  with  cirrhosis  of  the  liver  are 
definitely  cured  by  removal  of  the  spleen. 
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Anemias  of  Possible  Splenic  Origin 

In  grouping  these  anemias  much  difficulty  is  experienced,  and 
the  accepted  terms  of  designation  concern,  to  a  great  extent, 
syndromes. 

Splenic  Anemia. — ^The  group  called  the  splenic  anemias  shows 
rather  a  definite  clinical  picture,  for  example,  secondary  anemia, 
leukopenia,  enlarged  spleen,  hemorrhage  from  the  stomach,  and, 
in  the  late  stages,  the  characteristics  described  by  Banti,^®  cirrhosis 
of  the  liver,  ascites,  etc.,  a  disease  most  common  in  young  adults. 
Children,  however,  are  not  infrequently  subject  to  the  disease  of 
the  adult  type,  and  it  is  possible  that  the  "  pseudoleukemic  ane- 
mia" of  infants,  or  von  Jaksch's  disease,  is  also  a  manifestation  of 
the  same  condition  (Giffin").  In  von  Jaksch*s  disease  there  is  a 
leukocytosis  which  is  chiefly  a  lymphocytosis,  together  with  a 
diminution  of  erythrocytes,  a  large  spleen,  and  cachexia.  In  this 
condition  infants,  for  physiologic  reasons,  usually  show  an  excess 
of  leukocytes  up  to  30,000  or  more,  older  children  more  often 
developing  the  condition  seen  in  adults  with  leukopenia,  but  even 
in  adults  the  leukocytes  may  be  in  excess  in  otherwise  typical  cases 
of  splenic  anemia. 

In  our  clinic  to  September  20, 1915,  71  splenectomies  have  been 
performed,  with  6  deaths.  Twenty-nine  were  in  cases  of  definite 
splenic  anemia.  All  the  patients  recovering  from  the  opera- 
tion, with  5  exceptions,  have  remained  quite  well  in  spite  of 
the  fact  that  some  were  in  the  late  stages  of  the  disease,  that 
is,  markedly  advanced  hepatic  cirrhosis,  ascites,  and  jaundice 
(Giffin"). 

Gatuiker^s  Disease. — Gaucher's  disease  or  large-cell  splenome- 
galia  is  closely  associated  with  splenic  anemia,  and  early  removal 
of  the  spleen  will  probably  cure  the  condition.  Gaucher's  disease 
is  characterized  by  a  slowly  growing  spleen,  which  eventually 
becomes  a  great  size,  with  secondary  anemia  and,  in  the  terminal 
stages,  the  characteristic  endothelial  growths  appear  in  the  liver, 
lymph-nodes,  and  bone-marrow.  According  to  Brill  and  Mandel- 
baum,^^  it  always  begins  before  the  thirteenth  year,  and  averages 
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twenty  years  before  a  fatal  termination,  usually  a  terminal  compli- 
cation. 

Hemolytic  Jaundice. — ^That  hemolytic  jaundice,  in  the  great 
majority  of  cases,  is  due  to  hypersplenism  may  now  be  accepted. 
Whether  the  spleen  is  acting  on  its  own  initiative  or  through  stimu- 
lation of  the  blood  in  destroying  the  red  cells  we  have  at  present 
no  definite  knowledge. 

Five  patients  with  hemolytic  jaundice  have  been  operated  on 
in  our  clinic.  None  of  these  cases  was  of  the  familial  type,  though 
all  had  begun  in  childhood.  In  this  condition  there  is  an  enlarged 
spleen  and  constant  moderate  jaundice  of  the  acholuric  type;  that 
is,  there  is  bile  in  the  stool,  absence  of  itching  of  the  skin,  and  free- 
dom from  all  symptoms  of  obstructive  jaundice.  Usually  there  is 
increased  fragility  of  the  red  cells  and  an  excess  of  urobilin  and 
urobilinogen  in  the  urine,  but  no  bilirubin.  Exacerbations  are  often 
preceded  by  typical  crises  somewhat  resembling  gall-stone  colic, 
with  increased  temperature,  malaise,  headache,  loss  of  appetite,  and 
an  increase  of  the  jaundice.  During  the  crisis  the  spleen  is  enlarged 
and  tender.  In  three  of  our  patients,  two  under  twenty  years  of 
age,  gall-stones  were  present.  Improvement  after  splenectomy  in 
our  cases  was  a  most  remarkable  phenomenon.  The  jaundice 
began  to  clear  within  twenty-four  hours  following  the  splenec- 
tomy and  in  four  days  had  wholly  disappeared,  with  complete  res- 
toration of  well-being." 

There  have  been  attempts,  more  or  less  successful,  to  demon- 
strate essential  difiPerences  between  the  familial  hemolytic  jaundice 
of  Minkowski*^  and  the  acquired  disease  of  Hayem"  and  Widal.* 
Chauffard^  says  that  in  the  congenital  type  the  disease  shows  itself 
more  or  less  distinctly  from  birth,  and  the  patients  are  "more 
icteric  than  sick,"  while  the  acquired  type  begins  in  adolescence 
and  the  patient  is  "more  sick  than  icteric."  The  congenital  type 
may  last  for  a  lifetime  with  the  patient  in  fair  health;  the  acquired 
type  is  progressive  and  leads  to  death  through  anemia  and  its  com- 
plications. 

There  is  a  remarkable  similarity  between  cirrhosis  of  the  liver 
with  enlargement  of  the  spleen  and  splenomegalia  with  cirrhosis  of 
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the  liver.  Just  so  are  we  impressed  by  the  similarity  between 
acquired  hemolytic  jaundice  and  Hanot's  cirrhosis  of  the  liver. 
Both  are  more  common  in  young  adults  and  are  more  or  less  chronic 
in  their  course,  the  patients  with  hemolytic  jaundice  frequently 
living  out  a  life  expectancy,  and  those  with  Hanot's  cirrhosis  last- 
ing from  four  to  ten  years.  Both  have  enlarged  spleens  accom- 
panied by  jaundice,  often  slight,  but  with  exacerbations;  both  may 
have  crises  marked  by  pain  in  the  region  of  the  liver,  and  in  both 
ascites  is  usually  absent.  It  is  very  evident  that  there  is  some  con- 
nection between  hemolytic  jaundice  and  Hanot*s  cirrhosis.  That 
hemolytic  jaundice  is  definitely  cured  by  splenectomy  can  be 
stated  as  a  fact,  and  growing  experience  leads  to  the  conclusion 
that  improvement  and  sometimes  definite  cure  in  Hanot's  t57)e  of 
cirrhosis  of  the  liver  may  be  eflFected  by  splenectomy,  although 
in  confusing  types  of  the  disease  with  hemophilic  tendencies  one 
must  be  guarded  in  advising  surgical  treatment. 

Pernicious  Anemia. — It  has  been  known  for  many  years  that 
pernicious  anemia  is  often  accompanied  by  a  large  spleen.  Eppin- 
ger"  first  pointed  out  that  after  the  spleen  was  removed  in  perni- 
cious anemia  an  extraordinary  improvement  in  the  condition  of  the 
blood  was  usually  noted,  and  experience  has  borne  out  Eppinger's 
observations. 

Cabot, ^®  in  discussing  six  splenectomies  for  pernicious  anemia, 
said  he  had  never  seen  such  great  improvement  produced  by  any 
medicinal  agent  as  had  followed  splenectomy;  that  no  medicament 
with  which  he  was  acquainted  would  bring  up  and  hold  the  red 
cells  above  four  milhon.  Four  of  his  patients  had  been  incapaci- 
tated for  two  years  or  more,  and  within  a  few  months  after 
splenectomy  they  were  able  to  go  back  to  work.  He  points  out 
that  sufficient  time  has  not  elapsed  to  show  that  these  patients  are 
cured,  but  even  as  a  means  of  producing  a  prolonged  interval  of 
well-being  the  splenectomies  have  been  worth  while. 

It  is  true  that  the  spinal  cord  changes  in  pernicious  anemia  have 
not  been  benefited  by  splenectomy,  and  they  have  even  progressed 
after  splenectomy  in  spite  of  the  general  improvement  of  the 
patient.     Also  the  blood  in  the  splenectomized  patients  so  far 
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observed  did  not  entirely  lose  the  characteristic  pernicious  cells, 
nor  could  we  expect  it  to  do  so.  We  cannot  expect  the  operation 
to  overcome  structural  changes  in  organs  which  have  been  perma- 
nently damaged,  and  up  to  the  present  time  the  only  patients  who 
have  been  subjected  to  operation  have  been  largely  those  in  ad- 
vanced stages  of  the  disease.  Experience  shows  that  splenectomy 
should  be  resorted  to  early,  and  in  these  cases  cure  may  at  least 
be  hoped  for.  The  spleen  has  been  removed  in  12  of  our  cases  of 
pernicious  anemia  (September  20,  1915).  The  improvement  in 
some  of  these  has  been  remarkable,  but  not  enough  time  has  yet 
elapsed  to  warrant  any  definite  statements  being  made. 

In  reviewing  the  basic  facts  of  splenic  anemia,  hemolytic  jaun- 
dice, and  pernicious  anemia,  the  one  fact  that  stands  out  is  that 
there  is  a  destruction  of  the  red  blood-cells  and  that  this  hemolytic 
change  is  accompanied  by  physical  changes  in  the  spleen.  It  is 
interesting  in  this  connection  that  in  16  of  the  71  cases  of  splenec- 
tomy in  our  clinic  gall-stones  were  found,  and  all  were  in  the 
groups  of  anemias  (47  cases). 

In  addition  to  these  rather  definite  groups  of  cases,  enlarge- 
ment of  the  spleen  is  found  under  conditions  for  which,  through 
lack  of  knowledge,  we  have  no  ready  classification,  as  in  certain 
diseases  with  hemophiliac  and  purpuric  tendencies,  and  it  may 
eventually  be  shown  that  the  spleen  is  associated  with  these  condi- 
tions of  the  blood.  Patients  with  anemia  associated  with  spleno- 
megalia  and  having  high  temperature,  such  as  are  seen  in  the  preg- 
nant state,  require  further  study.  I  shall  not  discuss  infections  of 
the  spleen,  bacterial  and  protozoal,  which  give  rise  to  surgical 
conditions,  nor  those  anomalies  and  tumors  of  which  we  have  ob- 
served some  remarkable  examples.  I  have  purposely  omitted  refer- 
ence to  the  pathology  of  the  spleen  itself,  because  this  is  not  as 
yet  suflSciently  advanced  to  be  more  than  suggestive.  Wilson*'  is 
now  studying  our  cases,  and  is  able  to  show  that  there  is  a  true 
microscopic  pathology  in  these  diseases  which  it  is  hoped  will 
prove  to  be  characteristic. 

Our  knowledge  of  splenic  disease,  like  most  of  our  knowledge 
of  organs  in  concealed  situations,  has  been  the  result  of  study  of 
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living  pathology  under  surgical  conditions.  Postmortem  examina- 
tions, which  were  once  looked  on  as  the  final  word  on  disease  proc- 
esses, have  too  often  not  shown  the  chronic  diseases  from  which 
people  suffered  during  life,  but  only  the  disease  from  which  they 
died.  Experimentation  on  animals,  like  the  postmortem,  has  been 
of  enormous  value  in  laying  a  foundation  for  medicine,  but  as  the 
animals  themselves  were  not  diseased,  the  conditions  favorable  to 
exact  knowledge  were  not  present,  and  experimentation  is  now 
seen  in  its  proper  light  as  an  aid  to  understanding,  but  not  as  the 
final  solution  of  problems  of  the  living.  But  the  living  pathology 
brought  forth  by  the  surgeon  has  in  this  field,  as  in  others,  enabled 
medical  research  to  produce  most  valuable  material  for  study,  and 
has  within  the  last  few  years  advanced  our  knowledge  of  the 
physiology,  pathology,  and  therapeutics  of  disease  conditions  of 
the  spleen  more  than  all  else  that  has  been  done  since  the  beginning 
of  time. 
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Splenectomy, — ^The  safety  of  splenectomy  depends  on  careful 
separation  of  the  attachments  of  the  spleen  and  its  delivery  without 
injury  to  the  vascular  pedicle.  Therefore  much  depends  on  the  size 
and  movability  of  the  spleen,  and  the  amount  and  vascularity  of 
its  adhesions,  as  well  as  on  the  thickness  of  the  abdominal  wall. 

Incision. — ^Bevan,^  in  1897,  described  a  most  satisfactory  inci- 
sion for  operations  on  the  gall-bladder  and  biliary  passages  which 
has  been  modified  by  various  surgeons.  A  longitudinal  incision  is 
made  through  the  upper  rectus  muscle,  extending  obliquely  along 
the  costal  margin,  about  an  inch  and  a  half  from  it  and  up  toward 
the  ensiform  cartilage.  The  longitudinal  part  of  the  incision  may 
be  carried  down  to  any  desired  length,  permitting  careful  abdominal 
exploration.  In  this  respect  its  value  in  operations  on  the  biliary 
tract  is  very  marked,  as  an  appendix  may  be  removed  or  any 
necessary  operation  may  be  performed  on  the  pyloric  end  of  the 
stomach  or  duodenum.  The  incision  made  on  the  left  side  is  equally 
advantageous  in  gaining  access  to  the  spleen.  In  working  in  the 
biliary  region  the  longitudinal  part  of  the  incision  is  best  made  in 
the  inner  half  of  the  rectus  muscle;  for  splenectomy  it  is  best  made 
in  the  outer  half.  If  the  incision  across  the  rectus  muscle  is  kept 
an  inch  or  more  from  the  costal  margin,  this  little  flap,  when  caught 
with  a  catspaw,  makes  an  excellent  retractor. 

Adhesions, — In  most  cases  in  which  splenectomy  is  necessary, 
the  spleen  is  enlarged  and  adherent  to  the  partial  peritoneum  and 

*  Read  before  the  American  Surgical  Association,  June  11,  1915.  Reprinted 
from  .\nnal8  of  Surgery,  1915,  Ixii,  171-175. 
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diaphragm,  especially  over  the  upper  pole.    These  adhesions  differ 
greatly  in  their  vascularity,  being  occasionally  purely  vascular. 


Fig.  13S. — The  Bevan  incision  for  spienectooi.v,  iihown  in  upper  figure.  Lower  figure — method  of  u«ng 
gHuze  pack  for  temporary  hemostasia  to  control  bleeding  of  separated  adhesions. 

composed  of  a  small  artery  and  one  or  more  varicose  veins.    Since 
these  vessels  cannot  be  seen  and  controlled  until  the  spleen  is 
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loosened  from  its  bed  and  drawn  down,  it  is  usually  best  to  separate 
them  with  the  fingers  as  dose  to  the  spleen  as  possible,  trusting  the 
control  of  any  hemorrhage  to  a  large  gauze  pack  until  the  spleen 
can  be  delivered  and  removed  (Fig.  133). 

At  times  the  spleen  is  firmly  fixed  in  position  by  adhesions  so 
strong  they  must  be  di\'ided  by  a  cutting  instrument.  By  making 
an  opening  in  the  adhesions  close  to  the  splenic  capsule  and  loosen- 
ing the  spleen  as  far  as  possible  by  a  combination  of  enucleation 
and  division,  a  very  adherent  spleen  may  safely  be  removed. 

A  subcapsular  splenectomy,  in  the  sense  one  speaks  of  a  sub- 
capsular nephrectomy,  is  not  possible.  The  capsule  of  the  spleen 
is  closely  associated  with  the  splenic  pulp,  which  is  lacerated  in  the 
attempt  to  remove  it  from  within  the  capsule,  causing  great  loss  of 
blood.  With  a  little  care,  however,  the  spleen  can  be  separated 
immediately  at  the  capsule,  leaving  the  attachments  in  a  condition 
so  there  will  be  comparatively  little  bleeding.  In  this  way  the 
spleen  can  be  quickly  delivered  and  the  pedicle  temporarily  con- 
trolled by  fingers  or  an  elastic,  rubber-covered  pedicle  clamp. 
The  main  thing  to  be  accomplished  is  to  leave  the  separated  at- 
tachments in  such  condition  that  a  gauze  tampon  will  temporarily 
prevent  Weeding.  In  two  cases  in  my  earlier  experience  the  spleen 
was  so  firmly  fixed  with  vascular  adhesions  I  did  not  deem  it  wise 
to  undertake  splenectomy. 

Separation  of  the  Splenic  Ligaments. — Much  may  be  learned 
concerning  the  normal  relations  of  the  spleen  by  operative  work 
on  the  cadaver.  The  most  serious  vascular  attachments  are  the 
vasa  brevia  in  the  gastrosplenic  ligament  which  pass  to  the  stomach. 
However,  the  bulk  of  these  attachments  can  be  delivered  with  the 
spleen,  since  the  stomach  can  be  drawn  from  the  abdomen  to  a  very 
considerable  extent  before  separating  the  gastrosplenic  ligament. 
Unfortunately,  in  a  large  adherent  spleen  there  may  be  vascular 
connections  in  the  deeper  portion  of  the  gastrosplenic  ligament 
which  pass  inward  and  backward  to  anastomose  with  vessels  along 
the  spine  and  the  crux  of  the  diaphragm.  Since  these  must  be 
separated  before  the  spleen  can  be  eviscerated,  early  careful  ad- 
justment of  an  adequate  gauze  tampon,  for  temporary  control  of 
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hemorrhage,  may  be  essential.  The  lienorenal  ligament  has  no 
great  vascularity  and  can  be  readily  divided.  After  the  delivery 
of  the  spleen  the  remainder  of  the  gastrosplenic  ligament  and  a 
leash  of  vessels  passing  to  the  inferior  border  of  the  spleen  which 
connect  it  with  the  splenic  flexure  of  the  colon  are  tied  in  sections. 
This  completes  the  peritoneal  and  omental  attachments  about  the 
hilum,  and,  by  dividing  a  few  adhesions  here  and  there,  the  spleen 
can  be  lifted  up  so  that  the  vascular  pedicle  lies  completely  exposed 
for  at  least  two  inches. 

Pancreas. — ^The  splenic  pedicle  should  be  searched  for  the  tail 
of  the  pancreas,  which,  if  present,  will  lie  in  the  pancreatic  notch  of 
the  spleen,  behind  the  hilum.  It  can  usually  be  readily  separated, 
a  few  ligatures  applied  to  bleeding  points,  and  then  dropped  back 
into  the  abdomen.  In  three  splenectomies  I  tied  oflf  a  portion  of 
the  tail  of  the  pancreas  with  the  splenic  pedicle,  in  one  case  remov- 
ing as  much  as  an  inch  and  a  half,  without  any  harm  resulting.' 
The  spleen  was  bleeding  so  freely  from  lacerations  that  time  could 
not  be  spared  for  separation.  In  the  third  case,  in  which  the  splenic 
vessels  were  atheromatous  and  would  not  hold  a  ligature,  I  tied 
the  splenic  vessels  together  with  the  body  of  the  pancreas  about 
three  and  one-half  inches  from  its  tip  with  two  ligatures  of  catgut, 
three-fourths  of  an  inch  apart.  The  patient  recovered  without 
serious  symptoms. 

The  pancreas  has  five  independent  sources  of  blood-supply 
which  protect  its  circulation.  The  pancreatic  ducts  have  been 
shown  clinically  and  experimentally  to  have  great  powers  of  regen- 
eration. Fat  necrosis  as  the  result  of  escaping  pancreatic  secretion 
from  injury  to  the  pancreas  in  this  situation  apparently  is  not  to 
be  greatly  feared,  probably  because  its  secretions  are  not  activated 
by  duodenal  secretion. 

Vascular  Pedicle, — In  the  average  case  the  vascular  pedicle  can 
be  so  thoroughly  cleared  that  it  may  be  easily  ligated  in  sections. 
The  artery  should  be  tied  first,  but  all  vessels  should  be  tied  before 
any  portion  of  the  pedicle  is  cut.  In  spite  of  this  precaution  the 
spleen  sometimes  tears  from  the  pedicle  before  it  can  be  ligated. 
This  accident  happened  in  one  of  my  cases — a  fleshy  patient.  The 
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spleen  had  a  short  pedicle  which  retracted  deeply,  but  I  was  able 
to  grasp  the  vessels  in  my  fingers  and  hold  them  until  forceps  could 
be  applied.  In  this  type  of  case  it  is  better  to  grasp  the  entire 
pedicle  with  elastic,  rubber-covered  clamps'  which  will  temporarily 
compress  without  damage  any  attached  viscus,  such  as  the  wall  of 
the  stomach,  until  the  splenic  vessels  can  safely  be  controlled.  In 
two  instances  I  have  injured  the  stomach  because  of  its  close 
attachment  to  the  splenic  pedicle,  in  one  case  ligating  a  portion  of 
the  wall  of  the  stomach  in  the  pedicle.  Fortunately,  there  was 
no  escape  of  gastric  contents  and  the  damage  was  repaired. 
The  patient  recovered.  In  the  second  case  I  was  less  fortunate. 
There  were  large  varicose  veins  in  the  gastrosplenic  ligament  and, 
in  making  a  thorough  exposure  of  the  pedicle,  one  of  the  veins  in 
the  wall  of  the  stomach  was  torn.  Unfortunately,  tooth-forceps 
were  used  to  grasp  the  vessel  and  the  fragile  gastric  wall  was 
lacerated.  There  was  an  escape  of  gastric  contents  into  the  bed 
from  which  the  spleen  had  been  enucleated,  and  the  patient  died 
a  few  days  later  from  sepsis. 

When  the  vascular  pedicle  has  been  carefully  exposed,  but  is 
too  short  for  accurate  ligation  of  the  vessels,  the  two-forceps 
method  will  be  found  very  satisfactory.  In  this  procedure  two 
forceps  are  placed  three-fourths  of  an  inch  apart  on  the  pedicle, 
and  the  spleen  is  cut  away  without  regard  to  back  bleeding.  A 
catgut  ligature  is  thrown  around  the  pedicle,  below  the  proximal 
forcep,  which  is  then  loosened,  and  the  ligature  tied  in  the  com- 
pressed area,  while  the  distal  pair  of  forceps  steadies  the  pedicle 
and  prevents  retraction.  A  second  ligature  makes  the  pedicle 
secure. 

There  are  undoubtedly  some  cases  in  which  splenectomy  is 
indicated,  but  in  which  the  condition  of  the  patient  or  the  attach- 
ments of  the  spleen  make  the  operation  inadvisable. 

Two  years  ago  I^  suggested  the  possibility  of  ligating  part  of 
the  vessels,  believing  that  it  would  have  an  effect  comparable  to 
the  ligation  of  the  thyroid  vessels  in  hyperthyroidism.  I  have  not 
had  an  opportunity  to  carry  out  this  suggestion,  and  am  not  at  all 
sure  that  it  could  be  done  with  any  degree  of  accuracy  unless  the 
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delivery  of  the  spleen  were  accomplished,  and  in  that  event  splen- 
ectomy would  be  equally  easy  and  more  eflfectual. 

John  Gerster*  has  suggested  ligation  of  the  splenic  artery  at  the 
celiac  axis  as  a  preliminary  step  in  splenectomy,  or  in  some  cases 
as  a  method  of  producing  atrophy  of  the  spleen  when  it  would  not 
be  practicable  to  remove  it.  He  has  mentioned  the  ease  with  which 
the  celiac  axis  can  be  reached  through  the  gastrohepatic  omentum. 
The  splenic  artery  certainly  could  be  conveniently  tied  at  the 
celiac  axis,  or  just  where  it  lies  at  the  superior  border  of  the  pan- 
creas. 

Experimental  ligation  of  the  splenic  artery  demonstrates  that 
the  normal  spleen  will  not  become  necrotic,  but  that  it  will  undergo 
atrophy.  The  blood  supply  from  the  splenic  artery  to  the  pancreas 
and  stomach  which  would  be  cut  oflf  by  ligation  is  not  important 
and  would  be  well  taken  care  of  from  the  numerous  anastomotic 
branches  of  other  sources. 

Closure  of  the  Splenic  Space. — ^This  procedure  is  exceedingly 
important.  Compression  with  the  large  temporary  tampon  will 
enable  the  smaller  vessels  to  become  sealed  in  a  few  minutes,  but 
in  the  deeper  recesses  of  the  wound  there  will  probably  be  vessels 
requiring  other  treatment.  With  catgut  on  a  small  curved  needle, 
the  raw  space,  beginning  at  the  tied  splenic  vessels,  is  closed  as 
well  as  possible.  The  margin  of  the  lienorenal  ligament,  on  the 
outer  side,  is  sufficiently  firm  to  hold  a  suture,  but  on  the  inner  side 
such  bits  of  tissue  must  be  caught  here  and  there  as  can  be  done 
safely  until  the  bleeding  vessels  are  compressed.  The  last  sutures 
come  well  down  on  the  diaphragm  and  had  best  be  applied  during 
cardiac  diastole  and  during  expiration.  In  some  cases  the  splenic 
space  will  be  dry  when  the  tampon  is  removed  and  suturing  is  not 
necessary.  To  be  able  to  leave  the  wound  dry  is  a  great  satisfac- 
tion and  well  worth  the  little  extra  time  taken  to  accomplish  it. 
One  of  my  patients  died  of  so-called  secondary  shock,  due  to  failure 
to  control  hemorrhage  at  a  deep  point,  and  in  two  of  my  earlier 
cases,  before  I  understood  the  value  of  the  snaking  catgut  suture, 
I  was  compelled  to  leave  a  large  tampon  to  control  the  oozing 
(Fig.  184). 
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Drainage  is  not  needed  unless  there  has  been  injury  to  some 
viscus.  The  after-care  is  quite  the  same  as  that  following  any 
abdominal  operation. 


Fig.  134. — Closure  of  splenic  space  by  snaking  catgut  suture,  to  control  ooring  of  blood  from  deep-seated 

areas. 

Mortality  of  Splenectomy, — ^The  mortality  of  splenectomy  de- 
pends more  on  the  type  of  case  accepted  for  operation  than  on  the 
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technical  difficulties  of  the  operation  itself.  If  the  patient  is  in 
good  general  condition,  a  small,  movable  spleen  can  be  removed 
with  a  death-rate  so  low  as  to  be  almost  accidental.  If  the  spleen 
is  enlarged,  but  has  considerable  latitude  of  motion,  splenectomy 
may  be  performed  with  almost  no  mortality  beyond  the  possible 
accidents  of  a  serious  operation.  But  if  the  spleen  is  enlarged  and 
adherent  and  the  patient  is  suffering  from  a  high  grade  of  anemia 
with  myocardial  and  renal  changes,  marked  by  edema  of  the  lower 
extremities,  or  is  suffering  from  ascites,  jaundice,  high  temperature, 
etc.,  the  mortality  will  necessarily  be  high.  Even  under  these  con- 
ditions surprisingly  few  patients  die  directly  as  the  result  of  the 
operation.  In  14  of  our  patients  edema  of  the  lower  extremities 
was  marked.  Seventeen  had  ascites  with  coincident  myocardial 
and  renal  changes,  7  were  jaundiced,  and  5  were  suffering  from  high 
temperature  at  the  time  of  the  operation.  There  were  many 
combinations  of  these  conditions,  all  in  connection  with  high  grades 
of  anemia,  yet  there  were  but  5  deaths  in  the  hospital  from  all 
causes  in  the  58  cases  operated  on.  As  shown  by  the  postmortem, 
2  of  the  5  deaths  were  from  preventable  causes  (hemorrhage  and 
sepsis).  In  conclusion,  I  desire  to  express  my  early  indebtedness 
to  J.  Collins  Warren*  for  his  splendid  paper,  "Surgery  of  the 
Spleen,"  stimulating  interest  in  the  subject. 
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HEAD,  TRUxNK,  AND  EXTREMITIES 


HYDROCEPHALUS,  SPINA  BIFIDA,  AND 
ALLIED  DISEASES  * 


CHARLES    H.    MAYO 


Hydrocephalus,  spina  bifida,  midline  nerve  and  cystic  tumors 
of  both  the  head  and  the  spine  constitute  one  of  the  most  serious 
types  of  congenital  deformities.  In  hydrocephalus  there  is  usually 
great  impairment  of  the  development  of  the  brain,  and  with  spina 
bifida  there  are  often  associated  paralysis  and  great  disability. 
The  natural  and  surgical  mortality  is  high  in  all  these  conditions, 
the  protruding  sac  being  favorable  for  operation  only  when  the 
condition  is  uncomplicated.  The  more  advanced  cases,  with  in- 
volvement of  the  nerve  tissues,  are  only  partially  cured  by  surgical 
measures,  even  though  the  sac  be  ablated,  while  a  marked  degree 
of  hydrocephalus  is  still  beyond  our  ability  to  cure,  although  some 
cases  are  apparently  benefited  by  surgery.  As  all  these  conditions 
are  brought  about  by  an  increase  in  the  tension  of  the  cerebrospinal 
fluid,  a  single  individual  may  present  one,  two,  or  three  of  these 
conditions,  which  have  developed  by  pressure. 

Cerebrospinal  fluid  is  formed  as  a  secretion  from  the  choroid 
plexuses.  This  fluid  passes  through  the  main  iters  which  connect 
the  various  ventricles,  and  filters  through  the  thin  membranes  of 
the  brain  and  cord,  equalizing  the  pressure  at  all  points.  To  main- 
tain equilibrium  of  pressure,  the  absorption  is  carried  on  by  the 
Pacchionian  bodies  and  a  limited  lymphatic  system,  the  great  bulk, 
however,  being  carried  by  the  veins  of  the  arachnoid  space. 

An  increase  in  the  tension  of  the  cerebrospinal  fluid  may  be 
caused  by  tumor  of  the  brain  or  by  infections  of  the  brain  and  men- 

*  Reprinted  from  International  Clinics,  1015,  ser.  i5,  iv,  286-292,  courtesy  of 
J.  B.  lippincott  Company,  publishers. 
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inges.  This  has  been  experimentally  produced  by  blocking  cer- 
tain iters  and  by  the  injection  of  irritants  into  the  ventricles.  It 
is  well  known  that  hydrocephalus  may  be  arrested  at  an  early 
period,  but  there  remains  a  manifest  change  in  the  size  and  appear- 
ance of  the  head.  Numerous  instances  are  reported  of  brilliant 
men  with  partial  hydrocephalus. 

Classification 

A  classification  of  hydrocephalus  on  anatomic  grounds  is  hydro- 
cephalus, cephalocele,  meningocele,  anterior  and  posterior,  and 
hydroencephalocele. 

Of  the  spinal  lesions,  there  are  extreme  maldevelopment  with 
openspinal  cord  throughout  more  or  less  of  its  length,  called  rachis- 
chisis,  the  skin,  bony  arches,  and  meninges  all  being  absent. 
Anencephalia  sometimes  accompanies  this  condition.  Spina  bifida 
may  also  be  partial,  involving  only  a  few  vertebrse.  At  the  defec- 
tive point  the  cord  at  the  central  canal  may  be  open,  and  is  then 
called  by  von  Recklinghausen  the  "area  meduUovasculosa,"  having 
the  appearance  of  mucous  membrane.  In  less  severe  forms  the 
defect  is  covered  by  a  thin  membrane,  the  central  canal  being  con- 
nected with  the  skin,  at  which  point  a  leakage  of  cerebrospinal 
fluid  occurs.  Infants  with  such  deformity  are  still-bom  or  life  is 
short. 

Myelomeningocele  is  the  most  frequent  type  of  spina  bifida,  and 
represents  about  four-fifths  of  the  cases.  It  is  usually  accompanied 
by  disturbances  of  the  nerves  of  the  legs  and  varying  degrees  of 
paralysis,  according  to  the  extent  of  the  involvement  of  nerves  in 
the  outer  tumor  mass.  This  may  include  the  control  of  the  sphinc- 
ters of  both  bowel  and  bladder.  The  thin,  glistening  sacs  of  these 
tumors  are  often  seen  moistened  with  the  sweating  of  the  cerebro- 
spinal fluid.  Unless  operated  on,  the  majority  of  children  in  this 
condition  die  during  the  first  years  of  life. 

Spinal  meningocele  in  the  lumbosacral  region,  the  location  of 
about  86  per  cent,  of  spina  bifida,  is  found  in  about  10  per  cent,  of 
cases  reported.  The  sac  consists  of  dura  and  contents  and  none 
of  the  cord  or  nerve  tissues. 
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Syringomyelocele  is  not  common.  In  this  condition  the  cere- 
brospinal fluid  in  the  central  canal  has  distended  the  lower  seg- 
ments of  the  cord,  and  prevented  the  development  of  the  spinal 
laminse. 

A  very  rare  form  also  is  anterior  or  ventral  spina  bifida,  a  pro- 
trusion between  the  halves  of  the  bodies  of  the  vertebrae,  the 
tumor  showing  in  the  abdomen  or  pelvis,  more  commonly  in  the 
latter,  with  some  defect  in  the  development  of  the  sacrum  caused 
by  the  pressure  of  the  meningocele.  Most  of  the  cases  reported 
of  the  anterior  type  were  in  females. 

Spina  bifida  occulta  is  that  condition  in  which  there  is  a  pos- 
terior bony  opening  which  remains  through  life,  but  without  pro- 
trusion. Such  are  noted  in  young  adults  and  also  in  middle  life  as 
thickened  areas  of  skin  covered  by  excessive  hairy  growth.  These 
flat-surface  tumors  have  occasionally  been  operated  on  in  the  belief 
that  they  were  lipomas. 

Etiology 

There  has  been  much  discussion  as  to  why  spina  bifida  should 
develop.  Looked  upon  as  a  congenital  defect,  it  was  difficult  to 
attribute  a  cause  for  it.  Some  theorists  claimed  it  to  be  due  to 
adhesions  posteriorly  of  the  amniotic  sac;  others  claimed  it  was  a 
true  germinal  defect,  the  cause  of  which  could  not  be  explained. 
It  is  now  generally  accepted  that  adhesions  found  in  congenital 
deformities  are  caused  by  the  malformation  instead  of  the  adhe- 
sions causing  the  condition. 

Hertwig^  showed  that  a  0.7  per  cent,  solution  of  sodium  chlorid 
used  in  treating  the  egg  of  axolotl  quite  generally  caused  spina 
bifida  of  the  embryos,  and  this  was  accomplished  also  in  frog 
embryos  at  an  early  stage  of  development  when  placed  in  0.6  per 
cent,  solution  of  sodium  chlorid  (Morgan  and  Tsuda^).  Nearly  all 
the  experimental  evidence  of  recent  years  shows  that  the  increased 
secretion  of  the  choroid  plexus  is  undoubtedly  the  cause  of  the 
development  bf  these  conditions.  Sharpens  ^  experiments,  in  which 
he  caused  increase  of  the  spinal  fluid  and  removed  posterior  seg- 
ments, exposing  the  spinal  cord  by  laminectomy,  showed  quite 
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strikingly  the  possibilities  of  the  bulging  cord  preventing  the  devel- 
opment of  the  laminse.  Dandy  ^  stopped  the  outflow  of  fluid  from 
the  ventricles  by  plugging  the  iters,  then  injected  a  solution  of 
phenolsulphonephthalein  into  the  ventricles,  and  in  some  cases 
into  the  subarachnoid  space,  proving  that  this  fluid  is  absorbed 
mostly  by  the  blood-vessels  of  this  space.  Forster*  stated  long 
ago  that  a  dropsical  condition  of  the  central  or  neural  canal 
probably  occurred  in  some  cases  of  spina  bifida.  The  defect  should 
occur  before  the  third  month,  as  the  development  has  then  pro- 
ceeded so  far  that  the  ventricles  and  spinal  canals  are  sufficiently 
formed  to  contain  cerebrospinal  fluid. 

Much  enlightenment  may  be  thrown  on  the  subject  of  con- 
genital defects  and  deformities  by  a  study  of  the  comparative 
anatomy  of  the  vertebrates,  but  it  is  not  to  be  compared  with  what 
may  be  learned  by  a  study  of  the  invertebrates.  The  great  changes 
in  animal  life  occurring  in  the  past  ages  have  been  brought  about 
by  some  remarkable  change  at  a  given  period  in  the  predominant 
type  of  the  animal,  and  this  change  has  been  of  a  degree  to  permit 
the  animal  to  change  the  media  in  which  he  lived  and  his  manner 
of  taking  nutrition.  In  the  line  of  these  changes  may  be  found  the 
cue  for  the  explanation  of  defects  in  development,  and,  since  the 
remarkable  changes  of  the  vertebrates  over  the  invertebrates  have 
been  in  the  development  of  the  nervous  system,  and,  consequently, 
of  the  digestive  system,  it  is  along  these  lines  that  anomalies  are 
frequently  seen. 

Man's  superiority,  and,,  in  fact,  that  of  all  the  vertebrates  in 
general,  are  shown  early  in  embryonic  life  by  the  enormous  devel- 
opment of  the  nervous  system  compared  with  the  size  of  the  em- 
bryo. His  superiority  also  makes  him  subject  to  the  greatest 
number  of  errors  in  development  following  the  cleavage  lines  of 
life's  progress.  Great  changes  have  also  come  about  through  the 
modificatioiis  in  methods  of  nutrition  and  elimination.  The  inver- 
tebrate animals  are  characterized  by  having  a  cephalic  stomach  and 
a  single  straight  gut,  and  otherwise  differ  from  the  vertebrates  in 
that  their  nervous  system  is  in  front  of  the  intestinal  canal  and  that 
their  central  nervous  system  surrounds  the  mouth.    In  the  primi- 
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live  forms  there  is  only  the  ring  of  ner>'ous  tissue  around  the 
esophagus;  in  higher  development  the  paired  segmentation  of 
nerves  occurs  below  the  esophagus  and  there  is  muscular  develop- 
ment. Above  the  esophagus  the  optic  and  olfactory  ner\'es  de- 
velop, and  with  the  development  of  the  cerebrospinal  and  special- 
sense  nerves  the  nerve-mass  grew  up  over  the  cephalic  stomach,  a 
condition  which  made  a  natural  limitation  to  the  progress  of  these 
higher  types  of  invertebrates;  e.  g.y  the  limulus,  sea  scorpion,  king 
crab,  etc.  Thus  the  more  brains  they  developed  in  order  to  secure 
food,  the  less  was  their  ability  to  ingest  it.  Certain  of  these  devel- 
oped claws  and  mandibles  to  hold  their  prey  and  became  the 
natural  blood-suckers  of  the  world,  living  on  the  highest  type  of 
food,  the  limited  digestion  of  which  was  aided  by  digestive  gland- 
cells,  liver,  and  pancreas,  which  are  located  on  the  wall  of  the 
cephalic  stomach,  between  the  areas  covered  by  nerve  tissue. 

In  the  transition  from  invertebrate  to  vertebrate  the  animal  did 
not  turn  on  his  back  so  that  the  intestinal  system  should  be  ventral 
to  the  nervous  system,  but  the  whole  plan  of  life  was  changed, 
especially  for  the  maintenance  of  nutrition  and  to  enable  the  ner- 
vous system  to  become  predominant.  Along  other  lines  of  devel- 
opment it  is  well  known  how  in  some  amphibia  the  swimming 
bladder  came  from  the  primitive  lungs;  others  respired  by  the  skin. 
In  another  period  the  intestinal  tract  developed  from  the  yolk-sac 
by  ventral  closure.  The  cephalic  stomach  became  the  ventricles 
of  the  brain,  while  the  nervous  system  grew  up  around  and  enclosed 
the  straight  gut,  the  base  of  the  skull  and  spinal  system  developing 
from  the  notochord  in  front  of  it;  thus  the  straight  gut  in  the 
human  embryo  became  the  neural  canal,  which  communicated  at 
the  caudal  end  with  the  rectum,  closing  in  about  the  third  week. 
In  rachischisis  the  neural  canal  fails  to  close;  thus  we  have  anen- 
cephalia  and  the  separated  halves  of  the  open  cord.  The  infundi- 
bulum  withdraws  within  the  skull,  taking  with  it  the  pituitary,  or 
former  mouth-gland,  which,  with  the  thyroid,  is  still  active  in  con- 
trolling assimilation,  deposit  of  fats,  and  stature,  having  also  sex 
characteristics.  The  thyroid  changes  from  a  duct  to  a  ductless 
gland  and  passes  into  the  neck.    Consequent  to  these  extensive 
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changes  the  early  vertebrate  embryo  has  no  mouth,  but  in  the 
evolution  there  is  the  beginning  of  a  cavity  called  the  stomatodeum, 
which  quite  early  becomes  connected  with  the  foregut  through  a 
breaking  of  the  membrane  formed  by  the  endoderm  and  ectoderm. 
The  proctoderm  does  the  same  thing  at  the  caudal  extremity, 
uniting  the  rectum  with  the  skin.  In  this  latter  region,  also,  many 
deformities  occur  through  defects  of  development.  As  the  gray 
matter  covers  a  considerable  area  of  the  cephalic  stomach  in  higher 
invertebrates,  in  the  vertebrates,  when  it  becomes  the  ventricles, 
the  patches  of  gray  matter  come  together  to  form  the  cerebrum. 
The  membranes,  formerly  covered  by  digestive  gland,  infold  into 
the  ventricles,  thereby  developing  the  choroid  plexuses. 

This  brings  us  a  step  nearer  to  the  cause  of  the  formation  of 
excessive  fluid.  Is  it  due  to  a  remnant  of  the  digestive  gland  im- 
mediately along  the  line  of  the  choroid  plexuses  that  has  become 
stimulated  in  the  embryo  by  some  changes  in  the  sodium  salts? 
This  would  be  quite  possible,  as  all  animal  life  originally  lived  in 
this  medium  (sea-water).  Or  was  the  stimulation  chemical  by  the 
food  acting  on  the  remains  of  such  glandular  material  in  the  early 
period  after  birth  and  leading  to  increasing  secretion.^ 

Treatment 

Much  has  been  written  on  the  treatment  of  these  cases.  In 
hydrocephalus  treatment  is  most  unsuccessful;  yet  certain  cases 
do  not  progress  either  untreated  or  after  surgical  interference,  and 
such  therefore  may  show  a  high  percentage  of  success  in  apparently 
stopping  the  growth.  Puncture  of  the  corpus  callosum  or  ligation 
of  the  carotids  may  rarely  be  successful.  Various  means  of  external 
and  auto-drainage,  tubes,  setons  about  the  brain,  and  intraperi- 
toneal drainage  around  and  through  the  body  of  the  vertebrte  have 
shown  remarkable  instances  of  how  much  and  how  long  these 
defective  children  will  survive  surgical  intervention. 

The  sac  of  spina  bifida  has  been  considered  an  entity,  and  won- 
derful procedures  have  been  recorded  of  the  removal  of  the  sac  and 
of  plugging  the  opening,  both  homoplastic  and  heteroplastic  bone- 
grafts  being  used.    Such  operations,  or  even  simple  removal  of  the 
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sacs  in  spina  bifida  which  is  stationary,  will  give  a  fair  percentage 
of  success,  but  if  made  on  one  w^hich  is  growing  the  child  is  quite 
likely  to  die  of  cerebral  pressure  or  later  develop  hydrocephalus, 


Du'\5ion  cf  n\embrane, 

incisirr,    surrounds   necW  c"^  ?nr 


Fig.  1S5. — Longitudinal  division  of  sac.     Membranes  of  the  opening  dUsecied  from  subjacent  tissues. 
(From  "International  Clinics,"  J.  B.  Lippincott  Co.,  publishers.) 

since  the  sac  is  acting  as  an  elastic  bulb.  In  some  cases  the  sudden 
relief  of  tension  of  the  cerebrospinal  system  may  stimulate  a  rapid 
outpour  of  fluid,  leading  to  death  from  intracerebral  pressure. 
Local  treatment  by  injection  of  irritants,  such  as  Morton's  fluid 


558 


CHARLES   H.    MAYO 


and  other  iodin  preparations,  is  rarely  employed.  In  operating  on 
these  cases  it  should  be  recognized  that  the  sac  has  nothing  to  do 
with  the  secretion  of  fluid  and  is  purely  a  hernia.  Operation  is 
advised  on  the  stationary  tumor  only. 


Double  strand  oj^   catgut   passing   into  tissues  of    bed 


Bohxj  f< 


otafnen 


Sac  slump' 


Fig.  136. — A  safety  method  for  subcutaneous  draina^  of  the  cerebnMpinal  fluid.      (From  "Inter* 
national  Clinics,"  J.  B.  Lippincott  Co.,  publishers.) 


In  operating,  the  child  is  placed  on  a  slanting  table,  the  head 
sufficiently  lower  than  the  spine  so  that  the  ventricles  will  be  kept 
full  of  fluid.    The  spina  bifida  is  divided  in  the  midline,  paying  no 
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attention  to  the  escape  of  fluid,  and  the  sides  drawn  apart.  If  it 
is  a  pure  meningocele,  a  knife  or  sharp-pointed  scissors  divides  the 
membrane  in  a  circular  manner  a  quarter  or  half  an  inch  above  the 
opening,  according  to  its  size.  The  opening  is  then  closed  by  liga- 
ture or  suture.    With  a  curved  needle  a  double  strand  of  catgut  is 
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^X  ^Lumbar  portion,  oj  cord 


Fig.  137. — Sagittal  section  of  sac.     Dash  line  indicate<i  removal  of  redundant  tissues.     (From  "Inter- 
national Clinics,"  J.  B.  Lipinncott  Co.,  publishers.) 


passed  through  the  stump  so  as  to  tap  the  contents.  The  needle 
is  passed  about  on  either  side  into  the  tissues  of  the  back  with  the 
catgut  which  fills  the  needle  opening  in  the  stump  of  the  sac,  yet 
under  pressure  acts  as  a  seton.  The  child  reabsorbs  the  spinal  fluid, 
thus  making  a  temporary  safety  valve.    The  excess  of  skin  is  now 
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removed,  permitting  adjustment  after  removal  from  either  wall  of 
the  outer  part  of  the  remainder  of  the  spina  bifida.  The  incision  is 
closed  without  drainage  (Figs.  135,  136,  and  137). 

In  case  of  involvement  of  the  cord,  when  there  are  varying 
degrees  of  paralysis  of  the  sphincters  and  club-feet,  the  primary 
procedure  is  the  same.  The  congenital  deformity,  club-foot,  is 
undgubtedly  due  to  a  late  pressure  on  the  caudal  filaments  or  to 
detachment  of  the  terminal  filaments  which  attach  the  neural  canal 
to  the  posterior  region  of  the  coccyx.  This  relieves  some  of  the 
tension  on  these  nerves  during  their  development,  as  the  spine, 
which  is  originally  the  same  length  as  the  cord  and  canal,  outgrows 
it  by  a  third. 

Club-foot  occurring  in  spina  bifida  occulta  is  due  to  adhesions 
to  the  sac  of  the  posterior  nerve-trunks  to  the  legs,  the  overgrowth 
of  the  spinal  column  compared  to  that  of  the  spinal  cord  causing  a 
destructive  traction.  Some  operative  work  has  been  done  in  such 
cases  by  Jones^  and  Sever.^  The  nerve  tissues  can  be  seen  on  the 
sides  of  the  sac;  a  circular  incision  is  made  above  these,  and  the 
protruding  membrane  divided  in  the  midline  above  and  below,  the 
halves  being  rolled  within  and  covered  by  a  separate  flap  made 
from  the  tissues  from  one  or  both  sides.  So  far  as  the  use  of  bony 
covering  is  concerned,  there  has  been  %,  sufficient  number  of  opera- 
tions on  children  and  of  laminectomies  in  adults  to  show  that  trans- 
plantation of  bone  is  an  unnecessary  addition  to  the  operation. 
Paterson^  has  shown  that  when  the  pressure  is  removed  the  laminie 
tend  to  develop. 
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CIRSOID  ANEURYSM  ♦ 

EDWARD    S.    JUDD 


Most  writers  believe  that  the  so-called  cirsoid  aneurysm* 
strictly  speaking,  is  not  an  aneurysm,  but  a  neoplasm  or  tumor  with 
a  close  affinity  to  angioma;  that  it  is,  in  fact,  a  disease  acquired  or 
grafted  on  preexisting  normal  arteries.  Matas^  states  that  the 
blood-vessels  which  form  a  cirsoid  aneur>'sm  are  largely  neoplastic, 
and  are  frequently  reproduced  in  lx)C0y  after  apparent  complete 
extirpation,  and  also  that  veins  of  new  formation  participate  in  the 
process.  In  the  severe  cases  it  is  the  middle  coat  of  the  arteries 
particularly  which  is  stretched,  the  arteries  becoming  pale  and  thin 
and  resembling  veins  during  the  process  of  enlargement.  The 
unequal  saccular  pouches,  which  are  true  aneurysms,  usually  pro- 
ject toward  the  surface  of  the  skin.  As  the  artery  elongates  it 
becomes  tortuous,  sometimes  even  spiral.  The  process  is  rarely 
circumscribed,  but  may  attack  several  trunks  and  their  branches. 
It  often  affects  the  vessels  about  the  scalp  and  face,  more  instances 
having  been  recorded  of  its  situation  in  this  locality  than  in  all 
other  parts  of  the  body  taken  together.  Originating  usually  in  one 
of  the  arteries  of  the  scalp,  the  process  extends  to  the  branches  on 
the  other  side  of  the  head,  and  may  implicate  the  connecting  vessels 
to  a  variable  extent.  On  the  other  hand,  the  process  may  pass  into 
the  capillaries,  widely  dilating  them  as  it  progresses,  and  may  even 
affect  the  terminal  veins.  In  such  event  it  becomes  a  racemose 
aneurysm  or  an  aneurysm  by  anastomosis.  To  a  less  degree  the 
larger  branches  from  which  the  arteries  of  the  scalp  arise  may  be 
affected  by  retrogression,  the  process  passing  even  into  the  carotids. 

*  Read  before  the  Southern  Minnesota  Medical  Association,  December  1, 1915. 
Reprinted  from  the  St.  Paul  Med.  Jour.,  1916,  xviii,  48-52. 
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The  superficial  temporal,  the  posterior  auricular,  and  the  occipital 
arteries  are  the  most  frequently  attacked.  The  tissue  surrounding 
the  vessels  suffers  little  injury,  but  sometimes  the  subcutaneous 
cellular  tissue  atrophies,  the  skin  becomes  very  thin,  the  soft  parts 
may  be  thickened,  and  in  some  instances  even  the  bones  may  be 
grooved  or  perforated. 

Many  attempts  have  been  made  to  classify  cirsoid  aneurysms; 
as  a  rule,  the  size  of  the  vessel  involved  has  been  taken  as  a  basis. 
The  distinction  is  often  a  good  one,  but  the  variations  are  too  con- 
fusing to  permit  any  real  classification  of  the  condition. 

The  cause  of  cirsoid  aneurysms  or  arterial  tumors  is  not  posi- 
tively known.  They  occur  on  the  exposed  surfaces  of  the  body, 
the  head  and  hands  being  the  most  frequent  sites.  The  condition 
has  been  attributed  either  to  peripheral  or  to  central  disturbance  of 
the  vasomotor  nerves,  causing  lack  of  tone  in  the  muscular  walls 
of  the  arteries.  Arteritis,  frost-bites,  and  blows  have  also  been 
mentioned  as  causes.  The  origin  of  these  tumors  may  be  congenital 
or  the  result  of  the  increased  growth  of  cutaneous  nevi.  Several 
cases  of  this  type  have  been  cited.  This  condition  occurs  most 
frequently  between  the  ages  of  fifteen  and  twenty. 

The  clinical  history  of  cirsoid  arterial  tumors  does  not  begin 
with  pathologic  changes  occurring  in  the  terminal  arteries.  Dila- 
tation begins  before  there  is  any  appreciable  bulging  of  the  skin 
or  pulsation  or  twisting  of  the  arterioles.  At  a  later  period  the 
physical  signs  are  present  and  the  diagnosis  is  simple.  The  consis- 
tence of  the  tumor  varies  with  the  amount  of  connective  tissue 
which  has  developed  around  the  arterioles  as  a  result  of  the  in- 
flammatory process.  Pain  in  these  cases  is  not  constant,  and  is  due 
to  the  pressure  of  the  growth  on  the  cutaneous  nerves.  As  the 
tumor  enlarges  inflammatory  changes  become  more  marked.  Adhe- 
sions and  ulcerations  occur,  and  alarming  hemorrhages  are  frequent. 
In  some  instances  pressure  on  the  calvaria  interferes  with  nutrition 
of  the  scalp. 

True  aneurysms  should  be  distinguished  from  cirsoid  arterial 
tumors  by  the  fact  that  these  tumors  are  composed  of  numerous 
pulsating  arteries  and  veins,  and  the  mass  of  a  true  aneurysm  is  an 
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isolated  enlargement  over  a  large  surgical  artery.  The  cirsoid 
tumor  usually  occupies  the  scalp.  Ligation  or  compression  of  the 
main  artery  does  not  arrest  pulsations  of  the  mass  or  reduce  the 
bulk  of  the  swelling.  These  tumors  may  not  change  for  years,  or 
they  may  steadily  increase  in  size  and  spread  by  invading  the 


Fig.  138. 

vessels  of  the  surrounding  tissue.  The  thinness  of  the  overlying 
skin  and  the  rupture  of  the  ampullae  may  result  in  uncontrollable 
hemorrhage. 

Treatment. — Removal  by  excision  of  the  aneurysm  appears  to 
be  by  far  the  best  treatment  for  this  condition,  hemorrhage  being 
controlled  by  ligating  the  afferent  and  efferent  vessels.    Many  other 
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methods  have  been  suggested,  some  of  which  will  necessarily  be 
employed  when  excision  cannot  be  carried  out.  The  various  other 
methods  employed  are:  the  ligation  of  the  aflFerent  vessels,  the 
coagulation  of  blood  by  means  of  various  injections,  the  galvano- 
cautery,  the  electropuncture,  etc.,  but  in  the  greater  number  of 


Fig.  1S9. 

cases  these  procedures  have  not  been  satisfactory.  In  multiple 
cirsoid  aneurysm  of  the  hand  and  other  extremities  amputation 
has  been  necessary.  In  1901  Wyeth^  injected  boiling  water  along 
the  course  of  the  arteries  leading  into  the  tumor.  Fifteen  to  20 
minims  were  injected  at  each  point  and  caused  immediate  arrest 
of  the  pulsations  in  the  vessels.    The  injection  was  repeated,  the 
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needle  being  inserted  into  the  tumor  in  such  a  way  as  to  puncture 
the  outer  opposite  surface.  He  reported  a  case  (a  woman  twenty- 
seven  years  of  age)  in  which  five  ounces  of  boiling  water  were 
injected  into  a  tumor  in  the  region  of  the  temporal  artery,  with  cure 
of  the  patient.  This  treatment  would  seem  to  be  especially  indi- 
cated for  angiomas  about  the  face,  although  in  our  experience  the 
injections  have  to  be  repeated  many  times  and  results  have  not  been 
entirely  satisfactory.  We  do  not  consider  it  good  treatment  for 
cirsoid  tumors. 

It  is  believed  by  some  observers  that,  unless  the  extension  or 
the  severity  of  the  disease  may  endanger  the  life  of  the  individual, 
it  is  better  to  abstain  from  operative  interference.  The  aneurysm 
is  not  always  the  source  of  imminent  danger;  it  may  exist  for  years 
without  any  effect  other  than  inconvenience.  Compression  of  the 
tumor  is  one  of  the  simplest,  and  also  one  of  the  most  ineffectual, 
modes  of  treatment.  Ligating  the  temporal  and  occipital  arteries, 
also  the  branches  of  the  artery  leading  to  the  affected  part,  has 
been  tried,  but  without  success.  Bruns,'  who  has  emphasized  the 
treatment  by  ligation,  points  out  that  while  ligating  one  external 
carotid  may  reduce  the  supply  of  blood  to  the  scalp,  the  external 
carotid  on  both  sides  should  be  ligated,  thus  more  effectually 
reducing  the  supply  of  blood  to  the  arteries  of  the  scalp.  In  this 
way  only  would  the  supra-orbital  and  frontal  branches  of  the  in- 
ternal carotids  be  capable  of  supplying  blood  to  this  region,  and 
unless  the  enlargement  is  situated  in  the  forehead,  their  influence 
need  scarcely  be  feared.  Posteriorly  the  blood  would  reach  the 
scalp  only  through  the  ascending  cervical  branches  of  the  subcla- 
vian and  muscular  twigs  of  the  vertebral  artery.  Anteriorly  there 
would  be  some  assistance  from  the  connection  of  the  inferior 
branches  of  the  subclavian  artery  with  the  superior  branches  of  the 
carotid  artery. 

It  may  be  noted  that  ligation  of  the  common  carotid  is  not  only 
attended  with  greater  danger,  but  offers  fewer  advantages  than  the 
same  procedure  applied  to  the  external  carotids.  Ligation  of  the 
common  carotid,  however,  has  the  advantage  of  shutting  off  the 
supply  of  blood  through  the  branches  of  the  ophthalmic,  but  the 
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numerous  anastomoses  of  the  opposite  side  continue  to  supply 
blood,  and  for  this  reason  recurrence  of  the  bleeding  may  take  place. 
In  the  Dawbarn*  operations  about  the  head,  face,  or  neck  for 
malignant  growths,  and  in  block  dissections  in  similar  cases,  I  have 
frequently  ligated  the  external  carotid  arteries  (one  or  more  at  the 


¥\g.  140. 

same  time)  in  elderly  people,  and  have  never  seen  any  ill  effects 
due  to  the  procedure.  In  our  experience  it  has  been  noted  that 
ligation  of  the  common  carotid  arteries  may  be  done  safely  in  young 
people,  i.  e.,  those  under  thirty-five  years  of  age.  In  cases  of  hydro- 
cephalus I  have  ligated  one  common  carotid,  then  waited  a  week 
or  ten  days  and  ligated  the  one  on  the  other  side.    In  these  children 
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there  has  been  no  trouble  due  to  the  reduced  circulation.  In  two 
cases  of  carotid  body-tumors  the  common  and  external  carotids  on 
one  side  were  ligated  and  a  part  of  the  vessels  removed.  In  neither 
of  these  cases  were  there  any  untoward  symptoms  following  the 
operation.    Ligation  of  the  common  carotid  in  patients  past  middle 


Fig.  141. 


life  is  attended  with  a  great  deal  of  risk.  One  of  our  patients,  a 
woman  fifty-three  years  of  age,  with  a  carotid  body-tumor,  was 
apparently  all  right  for  forty-eight  hours  after  the  operation,  then 
began  to  develop  symptoms  of  softening  of  the  brain.  She  died  on 
the  fifth  day,  and  necropsy  showed  marked  congestion,  slight 
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edema  of  the  brain,  and  thrombosis  of  the  middle  cerebral  arteiy. 
In  another  instance  in  which  the  patient,  a  woman  sixty-six  years 
of  age,  was  suffering  with  painful,  pulsating  exophthalmos  of  the 
right  eye,  I  placed  the  Neff  gradual  occlusion  clamp  on  the  common 
carotid  just  tight  enough  to  reduce  the  strength  of  the  pulsations. 
The  left  eye  had  been  removed  some  time  before  for  the  same  con- 
dition. The  operation  did  not  apparently  trouble  the  patient,  and 
at  the  end  of  a  week  she  was  so  much  improved  that  she  was  up 
and  about.  Two  weeks  after  the  operation  the  wound  opened,  and 
there  was  a  sharp  hemorrhage.  I  assumed  this  to  mean  that  the 
metallic  clamp  had  eroded  through  the  carotid  or  the  jugular  vein. 
This  bleeding  stopped,  and  she  was  apparently  recovering  when 
a  second  hemorrhage  occurred,  which  also  ceased  without  inter- 
ference. Two  or  three  days  afterward  I  opened  the  incision  and 
caught  up  the  carotid.  The  clamp  had  partly  eroded  through,  the 
blood  presumably  having  come  from  the  carotids.  However,  there 
was  no  hemorrhage,  as  the  vessel  was  manipulated  in  putting  a 
ligature  about  it.  At  the  time  the  carotid  seemed  to  be  entirely 
obliterated.  After  the  ligation  the  patient  only  partially  regained 
consciousness.  It  was  evident  that  there  was  softening  of  the 
brain,  and  she  died  about  a  week  after  the  application  of  the  liga- 
ture to  the  common  carotid. 

Ligation  of  the  common  carotid  was  at  one  time  considered  the 
proper  procedure  for  large  cirsoid  tumoils.  I  cite  the  few  instances, 
however,  to  emphasize  the  seriousness  of  ligating  the  common 
carotid,  and  especially  to  emphasize  the  fact  that  it  should  not  be 
attempted  in  elderly  people.  Ligation  of  the  external  carotid  is 
not  only  a  much  safer  and  simpler  procedure  in  these  cases,  but 
also  more  effective,  because  the  vessels  affected  by  this  disease 
come  directly  from  the  external  carotid.  Fifty-one  single  ligations 
of  the  external  carotid  and  48  double  ligations  of  the  external 
carotid  have  been  done  in  our  clinic  without  a  death.  In  eight 
cases  in  which  one  common  carotid  was  ligated  there  were  two 
deaths. 

In  cases  similar  to  the  one  herein  reported  I  see  no  reason  why, 
except  in  emergencies,  these  patients  should  not  be  operated  on. 
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My  own  experience  with  ligations  of  the  carotids  leads  me  to  be- 
lieve that  tying  external  vessels  is  comparatively  safe,  and  that  the 
excision  of  angiomas  can  be  accomplished  without  danger  of  hem- 
orrhage and  without  great  risk  if  the  vessels  that  are  the  main 
source  of  circulation  of  all  the  soft  tissues  about  the  head,  face, 
and  neck  have  been  ligated. 


Fis.  142. 

Case  A64,674. — M.  C.  B.,  man,  aged  sixty-one  years,  examined 
February  27,  1912.  This  man  came  for  examination  because  of 
dilated  blood-vessels  over  the  head  and  face.  He  stated  that  the 
enlargement  began  when  he  was  seven  years  old,  after  receiving  a 
bump  on  the  left  side  of  his  head.  Since  then  it  has  gradually  in- 
creased to  its  present  size.    His  right  eye  has  been  almost  closed 
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for  the  past  year.  Two  weeks  ago,  after  picking  a  small  scab  on 
his  scalp,  profuse  bleeding  started,  which  had  to  be  controlled  by 
cotton  pledgets  placed  over  the  vessels;  these  were  still  sealed  to 
the  bleeding  points  when  he  came  for  examination.  Ten  years 
before  he  had  consulted  a  surgeon  in  Chicago,  who  advised  him  not 
to  have  the  condition  treated  as  long  as  it  did  not  cause  trouble. 


Fig.  U3. 


There  was  a  large  mass  over  the  bridge  of  the  nose,  which 
extended  into  the  right  lids,  entirely  closing  the  right  eye.  The 
dilated  vessels  passed  back  through  the  scalp  to  the  occipital 
region;  there  were  also  several  large  swellings  in  the  temporal 
region.  The  right  facial  artery  was  considerably  dilated  just  where 
it  crossed  the  border  of  the  lower  jaw.    The  routine  physical  and 
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laboratory  examinations  were  negative,  with  the  exception  of  a  few 
hyaline  casts  found  in  the  urine. 

On  March  2,  1912,  using  a  small  amount  of  ether  and  local 
anesthesia,  I  tied  the  right  external  carotid  and  ligated  the  facial 
artery  separately  just  above  the  submaxillary  gland.  This  pro- 
cedure considerably  diminished  the  pulsations  in  the  prominent 


Fig.  144. 

part  of  the  angioma,  but  after  a  few  days  they  were  practically  the 
same  as  before.  •  On  March  8th  I  ligated  the  external  carotid  on 
the  left  side,  under  local  and  ether  anesthesia.  After  this  the  pulsa- 
tions in  the  entire  aneurysm  practically  ceased.  The  patient  was 
fairly  comfortable  for  a  few  days,  then  the  skin  on  the  scalp  over 
the  aneurysm  became  red  and  tense  and  he  complained  of  great 
pain.    The  scalp  and  soft  tissues  about  the  face  were  very  sensitive. 
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The  pain  was  so  great  that  it  was  necessary  to  give  morphin 
almost  continually.  On  March  13th  the  patient  was  given  a  gen- 
eral anesthetic  and  an  incision  was  made,  extending  from  the 
bridge  of  the  nose  to  the  occipital  region,  through  the  superficial 
tissues  of  the  scalp,  down  to  the  periosteum.  The  scalp  was  turned 
down  on  both  sides,  and  the  dilated  vessels,  which  were  filled  with 
dark,  clotted  blood,  were  dissected  out.  There  was  no  tendency  to 
hemorrhage  or  active  bleeding  at  this  time,  and  the  operation  was 
accomplished  practically  without  loss  of  blood.  After  removing  all 
the  tortuous  branches  the  scalp  was  sutured  together.  It  was 
necessary  to  make  a  few  separate  incisions — one  or  two  about  the 
face  and  one  or  two  in  the  left  temporal  region.  A  part  of  one  flap 
of  the  scalp  sloughed,  and  this  particular  region  was  quite  slow  in 
healing.  But  this  convalescence  was  entirely  satisfactory,  and  the 
patient  was  out  of  bed  in  a  few  days.  He  was  able  to  go  home  about 
three  weeks  after  the  operation  and  has  been  entirely  well  to  the 
present  time  (Fig.  138-144). 

Several  similar  patients  have  been  under  observation  in  our 
clinic,  though  none  with  such  extensive  involvement  as  the  one  I 
have  reported.  The  other  patients  have  all  been  cured  either  by 
the  ligation  of  the  external  carotid  or  some  of  its  small  branches. 
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EVISCERATION    AND   ITS   SUPPOSED    RELA- 
TION  TO  SYMPATHETIC  OPHTHALMIA  * 


CARL    FISHER 


In  surgical  as  well  as  medical  practice  measures  of  treatment 
preeminently  successful  quickly  become  standardized  and  removed 
from  the  field  of  controversy.  In  a  matter  apparently  so  simple 
as  the  proper  method  of  the  removal  of  the  eyeball  this  is  by  no 
means  the  case,  as  certain  recent  discussions  have  shown.  Accord- 
ingly* it  has  seemed  worth  while  to  examine  the  subject  afresh, 
adding  what  evidence  might  be  available  from  the  material  at  hand 
in  the  Mayo  Clinic.  This  paper  is  chiefly  an  examination  of  the 
grounds  for  unfavorable  criticism  of  the  operation  of  evisceration 
(exenteration)  of  the  globe;  since,  in  the  writer's  opinion,  this  has 
given  the  best  cosmetic  results  of  any  of  the  operations  in  common 
use,  with  the  exception  of  the  Mules  operation.  If  evisceration  can 
be  shown  not  to  be  of  itself  a  cause  of  sympathetic  ophthalmia,  its 
status  as  the  operation  of  election  wherever  possible  is  fixed,  since 
there  is  nearly  a  universal  tendency  among  writers  on  ophthal- 
mologic subjects  to  regard  the  Mules  operation  as  a  dangerous  one. 
The  writer  has  had  no  experience  with  the  modification  described 
by  Giflord,^  or  the  transplantation  of  fat  into  the  scleral  cup 
(Gradle^).  The  assumption  that  evisceration  and  its  modifications 
give  the  best  cosmetic  result  is  made  somewhat  dogmatically,  since 
this  depends  largely  on  personal  judgment.  It  has  recently  been 
warmly  supported  by  Gradle;  on  the  other  hand,  more  recently 
Greenwood  has  strongly  favored  enucleation,  with  the  insertion  of 
a  glass  globe  in  Tenon's  capsule.    Simple  enucleation  has  but  little 

*  *  Thesis  accepted  for  membership  in  the  American  Ophthalmological  Society, 
May,  1915. 
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support  save  on  the  grounds  of  safety,  and  in  cases  of  lacerations, 
neoplasms,  and  the  like. 

Does  simple  evisceration  give  as  sure  protection  against  the 
onset  of  sympathetic  ophthalmitis  as  enucleation?  There  is  a 
wide-spread  feeling  that  it  does  not.  Schieck'  reported  a  case  of 
sympathetic  ophthalmitis  following  evisceration,  and  in  the  dis- 
cussion Schmidt  Rimpler  said  that  he  had  seen  six  such  cases. 
Snellen*  reported  two  and  Gifford^  collected  nine.  But  it  is  of  the 
greatest  interest  and  importance  to  note  that  in  Schieck's  case  and 
in  Snellen's  cases  (including  one  case  of  sympathetic  ophthalmitis 
following  enucleation)  uveal  tissue  was  found  to  have  been  left 
behind;  in  other  words,  the  technic  was  culpable.  The  cases  men- 
tioned by  Schmidt  Rimpler  cannot  be  judged  for  lack  of  important 
details,  as  is,  indeed,  true  of  many  cases  reported. 

In  examining  reports  of  cases  of  this  sort  there  are  certain  con- 
siderations to  be  borne  in  mind.  In  the  first  place,  had  the  injured 
uvea  remained  in  the  body  long  enough  to  have  planted  the  seed 
of  sympathetic  disease,  regardless  of  what  operation  may  have  been 
done  on  the  eye.^  The  large  number  of  cases  appearing  after  simple 
enucleation  justifies  the  idea  that  this  is  an  important  factor.  This 
minimum  period  of  safety  seems  to  be  between  nine  days  and  two 
weeks — in  the  majority  of  cases,  one  month.*  In  cases  of  sympathetic 
ophthalmitis  occurring  after  evisceration  of  injured  eyes  performed 
later  than  a  month  after  the  initial  lesion  the  mode  of  operation 
as  a  cause  is  certainly  to  be  regarded  as  open  to  doubt  unless 
striking  improvement  follows  enucleation  of  the  stump.  Again, 
such  conditions  setting  in  sooner  than  two  weeks — to  adopt  a  con- 
servative figure — after  evisceration  are  certainly  not  caused  by  the 
scleral  stump.  Furthermore,  since  the  great  majority  of  cases  of 
sympathetic  ophthalmia  appear  within  the  first  year  after  injury, 
cases  appearing  later  than  a  year  after  the  operation  should  not 
be  laid  to  the  operation  without  consideration;  not  every  iritis  or 
optic  neuritis  occurring  after  an  injury  of  the  fellow-eye  is  sym- 
pathetic in  origin. 

In  going  over  the  cases  reported  in  the  literature,  in  an  attempt 
to  approximate  statistical  comparison  between  the  prophylactic 
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merits  of  the  various  substitutes  for  enucleation,  the  papers  by 
Gifford  and  by  Welton  were  found  to  give  very  careful  analyses 
of  the  cases  reported  up  to  that  time.  Giflford  collected  16  cases  of 
sympathetic  ophthalmia  appearing  after  the  Mules  operation.  Of 
these,  he  ruled  out  all  but  three  on  the  ground  that  sympathetic 
ophthalmia  might  well  have  followed  if  the  eyes  had  been  enu- 
cleated, the  eyes  having  been  removed  for  persistent  inflammation. 
To  these  I  can  add  two  cases,  reported  since  the  publication  of 
Giflford's  paper,  in  which  sympathetic  ophthalmia  might  have  been 
caused  by  the  operative  stump. 

Giflford  gives  three  cases  following  Frost's  implantation  of  a 
false  globe  in  Tenon's  capsule.  Of  these,  he  considered  the  opera- 
tion as  the  etiologic  factor  in  but  one.    I  have  found  no  others. 

After  simple  evisceration,  GiflFord  cites  nine  cases  and  retains 
three  as  valid;  to  these  may  be  added  three  apparently  valid  cases 
not  mentioned  by  Giflford. 

Welton^  collected  27  cases  up  to  1911  in  which  sympathetic 
ophthalmia  followed  simple  enucleation,  and  a  number  of  other 
cases  might  be  added.*  Had  evisceration  been  done  in  any  of  these 
cases,  there  is  little  doubt  that  the  operation  would  have  been  held 
responsible.  Welton  emphasizes  the  necessity  of  early  enucleation 
in  cases  likely  to  cause  sympathetic  ophthalmia,  since  in  his  series 
no  case  occurred  in  which  the  eye  was  enucleated  earlier  than  nine 
days:  beyond  that  period  the  length  of  time  between  injury  and 
operation  seemed  to  bear  no  relation  to  the  onset  of  sympathetic 
ophthalmia.  The  average  period  between  injury  and  operation 
was  one  month. 

One  must  agree  with  Giflford  when  he  says  that — "In  view  of 
the  uncertainty  as  to  the  comparative  frequency  with  which  enu- 
cleation and  its  substitutes  are  performed,  there  is  no  use  in  pre- 
tending to  anything  like  accuracy  in  estimating  their  comparative 
dangers.  ...  I  think  it  clear  that  statistics,  as  well  as  theoretic 
considerations,  show  that  enucleation  as  a  prophylactic  against 
sympathetic  ophthalmia  is  somewhat  surer  than  any  operation 
in  which  part  of  the  eyeball  or  any  foreign  body  is  left  in  the  orbit 
or  scleral  cavity.    I  think  it  is  also  certain  that  ordinary  or  simple 


576  CARL   FISHER 

evisceration  is  safer  than  Mules'  or  Frost's  operations."  In  short, 
it  seems  to  the  writer  that  the  most  definite  evidence  we  have 
(Scheick'  and  Snellen^)  goes  to  show  that,  after  all,  the  whole 
difference  depends  on  the  thoroughness  with  which  every  particle 
of  uveal  tissue  is  removed.  Nevertheless  one  must  be  mindful  of 
the  very  large  percentage  of  cases  of  sympathetic  ophthalmia  fol- 
lowing the  Mules  operation. 

Referring  now  to  our  own  material :  Ther^  have  been  performed 
(January  1,  1904,  to  May  15,  1915)  92  eviscerations  in  cases  in 
which  sympathetic  inflammation  had  not  manifested  itself  at  the 
time  of  operation.  Of  these,  I  have  information  in  recent  letters 
or  have  recently  examined  54,  counting  none  of  less  than  a  year's 
standing.  These  comprised  9  Mules  operations,  45  simple  eviscera- 
tions, no  operations  of  the  Frost  type. 

In  35  of  these  cases  the  initial  lesion  was  a  perforating  injury, 
and  in  most  of  them  the  eye  removed  had  been  painful  or  irritated. 
Eight  patients  had  symptoms  of  sympathetic  irritation  before 
operation.  In  short,  they  were  average  cases.  The  interval  be- 
tween the  injury  or  onset  of  the  disease  and  the  operation  varied 
enormously — ^from  a  few  hours  to  nineteen  yearc. 

In  no  case  of  this  series  did  sympathetic  ophthalmia  develop 
after  the  operation.  This  includes  the  Mules  operations  as  well  as 
the  simple  eviscerations.  Four  patients  whom  I  have  been  unable 
to  reexamine  write  that  they  have  had  trouble  with  the  remaining 
eye.  One  developed  "cataract"  one  year  and  a  half  after  opera- 
tion— ^an  old  man  having  trachoma-evisceration.  One  complains 
that  his  sight  has  gradually  grown  weaker  since  a  year  after  the 
operation — a  Mules  operation  done  ten  years  ago — ^and  he  is  not 
blind,  so  that  probably  there  is  no  question  of  sympathetic  oph- 
thalmitis. One  young  child  operated  on  two  years  ago  for  staphyl- 
oma following  gonorrheal  ophthalmia  is  said  to  be  near-sighted, 
a  condition  which  came  on  six  months  after  operation.  The  fourth 
had  a  severe  inflammation  of  the  remaining  eye,  coming  on  within 
ten  days  after  the  operation.  From  his  handwriting  the  patient 
cannot  be  very  blind,  and  in  any  case  the  onset  so  soon  after  opera- 
tion would  remove  it  from  the  rank  of  sympathetic  ophthalmia 
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caused  by  operative  stump.  The  first  eye  was  removed  for  absolute 
glaucoma;  probably  this  caused  the  failure  in  the  remaining  eye. 
Some  of  the  patients  who  have  been  reexamined  lately  have  been 
found  to  have  minor  affections,  such  as  eye-strain  from  refractive 
error,  chalazions,  blepharitis,  etc.  Many  complain  of  a  sore  or 
discharging  socket,  yet  with  no  trouble  of  the  remaining  eye. 

In  view  of  such  a  gratifying  record  we  see  no  grounds  for  dis- 
continuing the  practice  of  evisceration.  The  results  of  the  Mules 
operation  are  equally  good  in  our  series,  but  on  account  of  the 
emphatic  opposition  to  it  found  in  the  literature  and  in  personal 
communications  from  ophthalmologists,  we  shall  not  venture  to 
adopt  it.  It  should  be  mentioned  that  in  all  the  Mules  operations 
the  optic  nerve  was  cut  well  behind  the  globe,  which  may  have  been 
the  factor  of  safety  in  this  series.  Gradle  considers  the  modification 
of  the  Frost  operation  (fat  in  Tenon's  capsule)  about  equal  cos- 
metically to  a  simple  evisceration,  and  the  implantation  of  fat  in 
the  scleral  cup  the  best  of  all.  In  the  discussion  of  Stieren's "  article 
there  was  expressed  a  general  doubt  as  to  the  permanence  of  trans- 
planted fat.  In  the  present  state  of  opinion  on  the  subject  every 
operation,  from  simple  enucleation  without  suture  to  fat  implanta- 
tion, will  find  support  among  ophthalmologists  of  good  repute.  The 
conclusion  of  this  paper  is  that,  in  the  experience  of  the  Mayo  Clinic, 
simple  evisceration  offers  the  safest  means  c^  removing  the  eye 
consistent  with  a  satisfactory  cosmetic  result  if  exacting  care  is 
used  to  insure  complete  removal  of  the  uveal  tissue.  The  operation 
has  this  further  advantage,  that  patients  needing  the  eye  removed 
will  very  often  consent  to  evisceration,  though  not  to  enucleation; 
this  is  due  to  a  curious  psychologic  attitude  which  renders  the  loss 
of  part  of  the  eyeball  much  less  repugnant  than  the  total  loss. 
Enucleation,  of  course,  must  be  resorted  to  in  many  cases;  where 
sympathetic  ophthalmitis  has  set  in  and  removal  of  the  exciting 
eye  is  decided  upon,  enucleation  is  preferable  for  legal  security, 
if  not  on  strictly  scientific  grounds,  and  the  cosmetic  results  are 
often  surprisingly  good. 
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CORRECTION  OF  DEPRESSED  FRACTURES 
OF  THE  NOSE  BY  TRANSPLANT  OF  CAR- 
TILAGE* 


EMIL   H.    BECKMAN 


A  large  number  of  nasal  deformities  resulting  from  injury  are 
of  a  depressed  type,  that  is,  the  injury  has  crushed  the  nasal  bones 
so  that  the  bridge  of  the  nose  is  flattened.  The  nasal  bones  are 
either  forced  backward  upon  themselves  or  separated  and  pushed 
out  laterally  in  such  a  manner  that  the  bridge  of  the  nose  is  broad- 
ened as  well  as  depressed.  Many  of  these,  if  treated  immediately, 
can  be  replaced  and  held  with  splints.  The  intranasal  splint  made 
of  hard  rubber  and  the  external  splint  composed  of  sheet  lead  are 
at  times  both  exceedingly  valuable.  If  such  a  fracture  has  been 
allowed  to  heal  without  the  bones  being  replaced,  a  marked  de- 
formity often  exists.  A  very  slight  deformity  of  the  bone  may  pro- 
duce marked  disfigurement  of  the  entire  face. 

Various  methods  of  correcting  these  deformities  have  been  tried. 
One  of  the  commonest  has  been  the  transplantation  of  a  portion 
of  bone  from  the  anterior  portion  of  the  tibia.  A  great  deal  has 
been  written  within  the  past  few  years  in  regard  to  the  transplanta- 
tion of  bone,  fascia,  and  fat.  Scarcely  any  mention  has  been  made 
in  the  literature  in  regard  to  the  transplantation  of  cartilage.  Adult 
cartilage  can  be  transplanted  from  one  portion  of  the  body  to 
another  under  the  same  conditions  that  bone  is  transplanted,  with 
uniformly  good  results.  Transplantation  of  cartilage  differs  from 
the  transplantation  of  bone  because  it  is  not  necessary  for  the 
viability  of  the  transplant  that  the  cartilage  should  be  in  contact 
with  other  cartilage  or  bone.    We  have  also  found  that  it  is  not  at 

♦  Reprinted  from  Surg.,  Gyn.  and  Obst.,  1915.  xxi,  694-696. 
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all  necessary  to  preserve  the  perichondrium  in  order  to  secure  a 
good  result.  Experimental  work  by  Macewen  in  the  transplanta- 
tion of  embryonic  cartilage  shows  that  young  cartilage,  when 
transplanted  into  the  subcutaneous  tissues,  continues  to  grow,  and 
in  this  way  a  great  many  cartilaginous  tumors  have  been  produced 
in  animals.  Davis'  work  shows  that  when  adult  cartilage  is  trans- 
planted it  lives  with  no  apparent  growth  or  change  in  its  composi- 
tion, up  to  three  months. 

We  have  several  cases  in  which  adult  cartilage  has  been  trans- 
planted from  the  rib  into  the  nose  for  the  purpose  of  replacing  a 


Fig.  145. — Before  operation 

defect  in  the  tissues  there.  Some  of  these  cases  have  gone  two  and 
one-half  years  with  no  apparent  change  in  the  size  of  the  transplants 
The  tissue  accepts  the  transplant  very  kindly,  and  even  in  one  case 
of  marked  infection  the  cartilage  finally  healed  in  firmly.  It  is  not 
necessary  to  transplant  cartilage  immediately.  In  one  instance  a 
portion  of  cartilage  had  been  removed  from  the  sternal  end  of  the 
rib  for  the  purpose  of  transplanting  into  the  nose,  but  on  account 
of  the  congested  condition  of  the  patient  from  the  anesthetic, 
pneumonia  being  feared,  the  cartilage  was  placed  in  salt  solution 


CORRECTION   OF   DEPRESSED    FRACTURES   OF   NOSE  581 

and  confined  in  a  refrigerator  for  five  days.  At  this  time  the  patient 
was  again  anesthetized,  the  cartilage  removed  from  the  salt  solu- 
tion, and  transplanted  into  the  nose.  Primary  union  occurred  just 
as  if  fresh  cartilage  had  been  used. 

Technic  OF  Operation 
If  the  nasal  bones  are  widely  separated,  it  is  best  to  refracture 
them  and  place  a  lateral  splint  upon  each  side  of  the  nose,  letting 
the  splint  remain  for  five  or  six  days,  in  order  to  procure  a  suitable 


Fig.  146. — Before  operation. 

narrowing  of  the  bridge  of  the  nose.  As  soon  as  it  is  certain  that 
there  are  no  breaks  in  the  nasal  mucous  membrane  and  that  the 
circulation  about  the  nose  is  again  perfect,  the  transplant  can  be 
made.  I  have  followed  the  custom  of  taking  a  portion  of  the  costal 
cartilage  from  the  seventh  rib,  since  the  cartilage  is  much  broader 
at  this  point  and  a  good-sized  portion  can  be  obtained,  still  leaving 
costal  attachment  between  the  ribs  and  sternum.  One  is  often  sur- 
prised to  find  that  a  large  portion  of  cartilage  is  necessary  to  remedy 
an  apparently  small  defect.  A  wax  model  of  the  nasal  defect  is 
valuable  as  a  guide  in  shaping  the  cartilage,  which  may  be  easily 
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whittled  with  a  scalpel  to  any  desired  size  or  shape.    No  attention 
need  be  paid  to  the  perichondrium. 


Fig.  147. — ^After  operation. 


Pig.  148.— After  operation. 


An  incision  a  quarter  of  an  inch  in  length  is  made  transversely 
through  the  skin  over  the  nose,  and  just  between  the  two  inner 
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canthi  at  a  point  where  the  bridge  of  the  ordinary  spectacles  rests. 
There  is  usually  a  slight  wrinkle  in  the  skin  at  this  point  so  the 
scar  is  not  visible.  With  a  periosteal  elevator  the  skin  and  sub- 
cutaneous tissues  are  elevated  from  the  bone  and  cartilage  straight 
down  the  bridge  of  the  nose  nearly  to  the  tip.  The  separation 
should  not  be  carried  laterally  on  either  side  farther  than  necessary 
to  secure  room  to  transplant  the  cartilage.    The  transplant  is  then 


Fig.  149. — Before  operation 

slipped  into  place,  and,  as  the  tissues  have  been  separated  only  in 
the  midline,  the  transplant  is  held  in  place  and  is  not  dislodged  to 
either  side.  It  may  be  necessary,  however,  to  place  a  stitch  at  the 
upper  portion  of  the  transplant  to  keep  it  from  slipping  upward. 
The  small  incision  is  closed  with  two  or  three  interrupted  stitches 
of  horsehair;  the  wound  sealed  with  cotton  and  compound  tincture 
of  benzoin. 
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In  my  first  attempt  to  transplant  cartilage  into  the  nose  an 
incision  at  the  rim  of  the  nostril  was  made,  and  the  cartilage  inserted 
at  this  point.  This  method  has  also  been  recommended  by  Babcock. 
It  is  not  so  satisfactory  as  the  method  herein  described  because  the 
dissection  cannot  be  kept  exactly  in  the  midline,  and  consequently 


Fig.  150. — After  operation 

the  transplanted  cartilage  is  apt  to  slip  sidewise.  The  risk  of  infec- 
tion is  also  much  greater  in  the  former  method.  The  only  infection 
in  our  cases  was  the  one  in  which  a  transplant  was  placed  in  through 
the  nostril.  The  accompanying  photographs  illustrate  the  points 
in  the  technic  and  the  results  obtained. 


ANTRUM  TROCAR  AND  IRRIGATING 

CANNULA* 


GORDON  B.  NEW 


The  two  instruments  herein  described  were  suggested  because  of 
the  diflSculty,  first,  in  securing  satisfactory  instruments  for  tapping 
antra  through  the  lateral  nasal  wall  under  the  inferior  turbinate  to 
drain  pus  and  for  diagnostic  purposes,  and,  second,  a  suitable  can- 
nula which  could  readily  be  passed  into  the  same  opening  for  wash- 
ing out  the  antrum. 


Fig.  151. 


The  trocar  is  a  sharp-pointed,  curved  tube  with  but  one  open- 
ing running  along  its  entire  length,  and  with  no  channel  for  return 
flow.  There  are  two  openings,  one  on  either  side  of  the  point  of 
the  trocar.  A  heavier  portion  is  at  the  opposite  end  to  give  more 
strength  and  a  handle  to  the  instrument.  To  this  is  attached  a 
piece  of  rubber  tubing.  The  trocar  is  of  suflBcient  strength  so  that 
it  will  not  bend  with  the  necessary  amount  of  force  employed.    Its 

*  Reprinted  from  The  Laryngoscope,  St.  Louis,  1915,  xxv,  864. 
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curve  is  such  that,  if  the  tip  of  the  instrument  is  placed  under  the 
inferior  turbinate  anteriorly,  the  handle  rotated  toward  the  mid- 
line and  the  force  employed  directed  upward,  outward,  and  back- 
ward, the  trocar  will  readily  pass  into  the  antrum  at  the  thinnest 
portion  of  the  lateral  wall,  about  half-way  back  in  the  nasal  passage. 
A  syringe  with  catheter  tip  may  be  attached  to  the  rubber  tubing 
and  the  antrum  irrigated.  If  it  is  necessary  to  irrigate  the  antrum 
in  a  few  days,  the  irrigating  cannula,  a  Killian  cannula  bent  in  the 
same  shape  as  the  trocar,  is  most  useful,  since  it  is  a  little  smaller 
in  diameter  and  it  readily  passes  into  the  same  opening  without 
the  necessity  of  feeling  along  the  lateral  nasal  wall  to  locate  it. 
By  this  method  no  local  anesthetic  is  required.  These  instruments 
have  been  used  at  the  Mayo  Clinic  for  the  last  three  years  with 
entire  satisfaction. 


FIBROLIPOMA  OF  THE  LARYNX* 

GORDON    B.    NEW 


After  a  careful  review  of  literature  I  have  been  able  to  collect 
reports  of  only  23  cases  of  lipoma  or  fibrolipoma  of  the  larynx.  In 
1899  GareP  presented  a  case  before  the  Societe  Frangaise  de  Laryn- 
gologie,  and  he  had  at  that  time  collected  reports  of  13  other  cases 
from  literature.  In  1901  Garel  presented  "Une  cas  d'aversion 
ventriculaire"  before  the  same  society.  His  patient  died  of  perni- 
cious anemia,  and  at  necropsy  the  fibrolipoma  was  found.  In  1906 
the  same  author  reported  another  case  of  a  large  lipoma  of  the 
larynx.  He  had  collected  reports  of  six  additional  cases  by  Cale- 
mida,  De  Santi,  Goebel,  Ingals,  Meyjes,  and  Laurens.  In  1909 
Goldstein^  presented  a  case  of  his  own  with  a  detailed  summary  of 
11  other  cases,  and  a  thorough  discussion  of  the  etiology  and  pathol- 
ogy of  the  condition.  As  far  as  I  know  these,  including  the  one 
presented  in  this  paper,  make  24  reported  cases  of  lipoma  of  the 
larynx. 

Case  133,172. — Mrs.  W.  C,  aged  twenty-nine  years.  Exami- 
nation June  15,  1915.  This  patient's  previous  history  was  unim- 
portant. She  complained  chiefly  of  hoarseness,  which  had  lasted 
for  eight  years.  She  took  cold  eight  years  ago,  lost  her  voice  en- 
tirely for  one  week,  and  never  fully  recovered.  A  physician  had 
been  consulted  at  the  time  and  had  prescribed  throat  sprays  and 
gargles,  but  did  not  make  a  definite  diagnosis.  Five  years  ago  a 
physician  was  again  consulted  because  of  the  hoarseness,  and  she 
was  treated  for  bronchial  trouble.  One  year  ago  her  larynx  was 
examined,  and  she  was  told  she  had  enlarged  glands  of  the  neck 
and  catarrh  of  the  head,  which  was  the  cause  of  the  hoarseness,  and 

*  Reprinted  from  Jour.  Amer.  Med.  Assoc.,  1916,  bcvi,  560-67. 
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electric  massage  of  the  back  of  the  neck  was  given.  Seventeen 
months  ago  the  patient  noted  a  thickening  of  the  left  side  of  the 
neck,  but  it  had  not  increased.  While  ill  with  measles  three  months 
ago  she  had  spasms  of  the  throat  and  great  difficulty  in  breathing. 
When  examined,  she  had  slight  dyspnea  on  exertion,  but  felt  per- 
fectly well;  there  was  no  cough,  no  expectoration,  no  loss  of  weight. 
Blood-pressure  was  120  and  80.  The  urine  and  Wassermann  were 
negative.  The  nose  and  throat  were  negative,  except  for  the  lar- 
yngeal findings.  There  was  a  tumor  in  the  left  side  of  the  larj^nx, 
covered  with  normal-looking  mucous  membrane,  apparently  bulg- 
ing the  aryteno-epiglottidean  fold.  The  left  cord  was  not  visible, 
and  only  the  posterior  third  of  the  right  cord  could  be  seen.  The 
tumor  did  not  change  its  position  during  respiration.    It  was  quite 


Fig.  I5i. — Tumor,  left  side  of  larynx,  above  true  cord,  apparently  distending  the  aryteno-epi^ottideaD 

fold. 


elastic  and  easily  indented  with  a  probe.    Its  apparent  size  was 
one  inch  in  diameter  (Fig.  152). 

Because  of  the  unusual  appearance  of  the  tumor  it  was  thought 
best  to  remove  it  by  thyrotomy.  The  possibility  of  the  condition 
being  an  internal  diverticulum  of  the  larynx  was  considered  before 
oj^erating.  July  24,  1915,  under  ether  anesthesia,  a  thyrotomy  was 
done  by  Dr.  Judd.  A  midline  incision  was  made  and  the  hyoid  bone 
divided  to  give  better  exposure  of  the  larynx.  On  the  larynx  being 
opened,  a  tumor  was  seen  above  the  left  true  cord,  dilating  the 
aryteno-epiglottidean  fold.  This  was  incised,  and  the  tumor,  which 
apparently  had  no  definite  pedicle,  was  readily  shelled  out.    The 


FIBROLIPOMA    OF   THE    LARYNX  589 

patient's  voice  gradually  improved  after  the  operation.  She  was 
discharged  August  17,  1915,  and  advised  to  return  in  three  months 
for  another  examination.  The  excess  of  tissue  on  the  left  side  of  the 
larynx  following  the  removal  of  the  tumor  prevented  full  return 
of  the  voice,  and  it  seemed  possible  that  the  redundant  tissue  might 
have  to  be  removed  later  by  the  intralaryngeal  route.  When  the 
patient  returned  December  2,  1915,  her  voice  was  about  normal, 
although  a  trifle  lower  in  pitch  than  before  the  onset  of  the  hoarse- 
ness. 

Examination  showed  the  larynx  normal  save  for  a  slight  inter- 
ference in  the  motion  of  the  left  cord  and  some  slight  scarring  of 
the  left  side  of  the  larynx.  She  stated  that  her  general  health  had 
improved  markedly  since  the  operation. 


Fig.  158. — Gross  specimen,  actual  ^ize:   a,  Intact;  b,  on  section. 

Pathology, — ^The  gross  specimen  was  a  round  tumor,  2.5  by  2.5 
cm.  in  size,  with  a  complete  capsule,  but  no  demonstrable  pedicle. 
On  section  the  periphery  of  the  tumor  was  firm,  while  the  central 
portion  was  broken  down  and  degenerated.  Microscopic  sections 
showed  mostly  fibrous  tissue,  with  some  fat-cells,  while  toward  the 
central  portion  of  the  tumor  the  lipomatous  tissues  increased  in 
amount.  There  were  areas  of  degeneration  in  the  section.  Diag- 
nosis.  Degenerating  fibrolipoma  (Figs.  153  and  154). 

Etiology, — Goldstein  states  that  the  etiology  of  lipoma  is 
questionable,  and  that  it  may  be  due  to  one  of  three  causes:  (1) 
A  simple  hyperplasia  of  encapsulated  fat-cells  which  Chiari  has 
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observed  microscopically  about  the  plane  of  the  ventricle;  (2) 
an  invagination  of  mesodermic  tissue  which  develops  into  lipoma; 
and  (3)  a  disturbance  in  the  chemistry  of  cells  in  which  fat  is 
deposited.  It  would  seem  that  the  patholog^*^  of  these  tumors  does 
not  diflFer  markedly  from  the  pathology  of  lipoma  or  fibrolipoma 
elsewhere  in  the  body,  but  their  presence  in  the  larynx  is  unusual. 
In  the  case  herein  reported  the  fact  that  the  tumor  did  not  have  a 
pedicle,  and  consequently  a  poor  blood-supply,  probably  accounts 
for  the  central  degeneration. 


Fig.  154. — Photomicrograph:  a.  Fibrous  tisaue;  b,  Upomatous  tiuue;  c,  area  of  defeneration. 


There  is  no  age-incidence  in  lipoma.  The  youngest  patient 
reported  in  the  literature  was  a  boy  eight  years  of  age  (Ingals,  1905). 
Holt,'  in  1854,  reported  one  in  a  man  of  eighty  years,  as  does  De 
Santi,  in  1903.  The  point  of  origin  of  lipomas  is  usually  the  epi- 
glottis, the  aryteno-epiglottidean  fold,  or  the  ventricle,  and  they 
are  usually  attached  by  pedicles  which  are  either  quite  thin  or 
have  thick,  heavy  bases.  On  account  of  its  rarity  I  mention  here  a 
case  reported  by  Hunt  (1907)  of  a  lipoma  attached  to  the  first 
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three  rings  of  the  trachea.  The  tumor  was  removed  by  external 
operation. 

In  the  case  I  have  reported  the  lipoma  was  situated  within, 
and  distending  the  aryteno-epiglottidean  fold.  It  seems  to  be  the 
only  one  reported  in  this  position.  There  was  no  demonstrable 
pedicle.  The  possibility  that  the  tumor  originated  in  the  ventricle 
must  be  thought  of. 

Lipomas  may  be  multiple,  as  in  the  case  reported  by  Goebel. 
In  this  case  the  tumor  was  attached  to  the  left  aryteno-epiglotti- 
dean fold  and  to  the  posterior  wall  of  the  larynx;  one  prolongation 
of  the  tumor  protruded  into  the  mouth  like  a  second  tongue,  while 
another  portion  extended  into  the  esophagus.  Golbek,^  in  1891, 
and  L.  von  Schroetter*  also  have  reported  multiple  lipoma. 

Lipomas  may  also  appear  as  small,  pedunculated  polypoid 
tumors.  They  may  be  situated  so  as  to  fill  the  entire  upper  part 
of  the  larynx  and  give  rise  to  marked  dyspnea.  In  some  persons 
dying  of  suflFocation  lipoma  obstructing  the  larynx  has  been  found 
at  autopsy. 

Diagnosis  and  Treatment. — ^In  Garel's^  case  a  diagnosis  of  ever- 
sion  of  the  ventricle  of  the  larynx  was  made,  and  at  autopsy  the 
tumor  was  found  to  be  a  fibrolipoma  of  the  ventricle.  The  picture 
presented  in  my  patient  brought  up  the  possibility  of  an  internal 
diverticulum  of  the  larynx,  the  location  and  elasticity  of  the  tumor 
indicating  similar  characteristics  to  such  a  condition.  It  is  im- 
possible, however,  to  make  a  definite  diagnosis  of  this  rare  con- 
dition until  the  tumor  has  been  removed  and  a  microscopic  exami- 
nation made. 

The  small  pedunculated  lipoma,  which  can-  be  definitely  diag- 
nosed by  endoscopic  methods,  may  best  be  cared  for  by  endoscopic 
operation.  In  the  large  tumors  in  which  it  is  impossible  to  make 
a  definite  diagnosis  before  operation  it  is  best  to  explore  by 
thyrotomy,  so  that  whatever  is  necessary  may  be  done  with  less 
likelihood  of  danger  to  the  patient.  I  have  seen  so  few  cases  of 
this  kind,  however,  that  it  is  difficult  to  draw  definite  conclusions 
regarding  the  methods  of  treatment. 
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THE  NOSE  AND  THROAT  IN  THE  ETIOLOGY 
OF  GENERAL  DISEASES  * 


RAY   W.    PORTE  US 


The  average  physician  has  been  slow  to  attach  the  proper  degree 
of  importance  to  the  atrium  of  infection  when  dealing  with  local 
and  general  diseases.  If  only  the  place  of  origin  of  a  disease  in  the 
body  can  be  discovered  and  eradicated  or  properly  dealt  with,  the 
first  and  most  natural  and  often  the  most  important  step  in  the 
treatment  is  accomplished. 

Within  the  last  five  years  the  relative  importance  of  the  mouth, 
nose,  and  throat  in  the  origin  of  disease  has  been  given  a  great  deal 
more  prominence  than  in  the  previous  decade.  Attention  has  been 
called  to  the  fact  that  infections  producing  the  greatest  number  of 
diseases  enter  the  system  ria  the  alimentary  and  respiratory  tracts : 
that  in  these  tracts  and  in  the  excretory  ducts  of  the  body  lie  the 
sources  of  the  entrance  of  organisms  which  in  many  instances  ter- 
minate life.  The  great  importance  of  the  w^ell-known  diseases  of 
the  nasal  passages  and  their  sinuses,  the  lymphatic  tissue  of  the 
pharynx,  including  the  tonsils,  and  the  diseases  of  the  gums  and 
teeth  has  been  emphasized.  Disease  in  these  regions  must  be 
looked  upon  as  a  serious  menace  (Mayo^). 

Let  us  consider  the  anatomic  basis  and  the  evidence  as  con- 
firmed by  experimental,  clinical,  and  therapeutic  results  for  attach- 
ing such  importance  to  these  regions.  The  cavity  of  the  nose,  con- 
sisting of  the  two  nasal  fossse,  is  formed  by  fourteen  bones  charac- 
terized by  their  irregularity  and  their  participation  in  cavity  forma- 

*  Read  before  the  Fond  du  Lac  County  Medical  Society,  Fond  du  Lac,  Wis., 
May  li,  1915.  Reprinted  from  the  Wisconsin  Medical  Journal,  1915,  xiv.  191- 
197. 
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tions.  Five  of  them  contain  one  or  more  pockets  or  sinuses;  the 
sphenoid  alone  enters  into  the  formation  of  five  cavities  and  four 
fossae.  Opening  into  these  various  cavities  are  numerous  orifices 
from  other  parts  of  the  head.  Thus,  in  either  nasal  fossa  the  three 
meati  formed  by  the  turbinates  contain  seven  orifices,  all  trans- 
mitting vessels  or  nerves  or  leading  into  sinuses  of  the  greatest 
importance.  This  entire  region  is  richly  supplied  with  blood,  has 
a  small  amount  of  musculature,  and  very  little  lymphoid  tissue. 

The  pharynx  may  be  described  as  a  conic,  musculomembranous 
bag  suspended  base  up  from  the  basilar  process  of  the  occipital  bone 
and  extending  to  the  lower  border  of  the  larynx,  where  it  becomes 
continuous  with  the  esophagus.  It  diflFers  from  the  nares  in  possess- 
ing more  muscular  and  lymphoid  tissue.  The  presence  of  this 
lymphoid  tissue  has  long  been  noticed  and  discussed,  but  its  im- 
portance has  been  more  particularly  emphasized  within  the  last 
few  years. 

The  most  attention  has  been  directed  to  the  part  constituting 
the  faucial  tonsils.  There  is  a  smaller  amount  of  lymphoid  tissue 
in  the  nasopharynx,  which,  if  hypertrophied,  is  known  as  an 
adenoid.  A  still  smaller  amount  of  lymphoid  tissue  is  at  the  base 
of  the  tongue,  in  the  glosso-epiglottic  space,  and  is  called  the  lingual 
tonsil.  These  four  structures  are  sometimes  known  as  Waldeyer's 
tonsillar  ring.  As  all  are  of  similar  microscopic  appearance,  a 
description  of  the  larger  may  be  given  and  by  modification  appUed 
to  each  of  the  others. 

Briefly,  the  faucial  tonsil  is  a  lymphoid  structure  lying  between 
the  anterior  and  posterior  pillars  of  the  fauces,  consisting  of  the 
palatopharyngeus  and  the  palatoglossus  muscles,  respectively,  with 
the  plica  tonsillaris  above  and  the  plica  triangularis  below.  The 
inner  or  median  surface  is  covered  by  squamous  epithelium,  while 
the  outer  and  lateral  surfaces  are  covered  by  a  fibrous  capsule  of 
connective  tissue.  Microscopically,  we  find  finger-like  trabeculse 
of  connective  tissue  extending  into  the  lymphoid  substance  which 
serve  as  supporting  structures  and  carry  the  blood-vessels  and 
lymphatics.  From  the  median  surfaces  extend  the  crypts  formed 
by  invaginations  of  the  epithelium  and  reaching  almost  to  the 
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capsule.  The  lymphoid  cells  of  the  tonsil  are  massed  together  in  a 
loose  connective-tissue  reticulum,  and  through  this  are  seen  the 
follicles  consisting  of  germinating  lymph-cells  and  their  newly 
formed  lymphocytes.  These  lymphocytes  pass  out  of  the  follicles; 
some  of  them  work  through  the  epithelium  into  the  crypts,  while 
most  of  them  move  through  lymph-spaces  along  the  trabeculae  and 
finally  enter  into  the  eflFerent  lymphatic  vessels.  In  the  crypts  are 
found  cast-off  epithelium,  lymphocytes  in  divers  stages  of  disin- 
tegration, leukocytes,  various  bacteria,  and  detritus.  When  the 
tonsils  are  compressed  by  swallowing,  some  of  the  contents  is 
forced  out  of  the  crypts  and  some  forced  still  deeper  into  them. 
Here  the  epithelium  consists  of  one  or  two  layers  of  cells  only;  and 
bacteria  can  easily  gain  entrance  into  the  lymphoid  tissue.  Thus 
the  contents  of  the  crypts,  plus  heat  and  moisture,  form  an  ideal 
incubator  for  the  agents  of  infection,  and  from  this  location  inva- 
sion through  the  lymphatics  is  comparatively  easy. 

The  lymphatics  of  the  tonsil  are  numerous  and  arranged  as 
follows:  The  efferent  vessels  empty  into  two  main  groups:  (a) 
The  lymphatic  glands  near  the  angle  of  the  lower  jaw;  then  into 
the  superficial  cervical  chain  which  drains  directly  into  the  inferior 
deep  cervicals;  (6)  the  superior  deep  cervicals.  These  glands  are 
20  to  30  in  number,  and  are  located  along  the  internal  jugular  and 
subclavian  veins.  They  are  divided  into  a  superior  and  an  inferior 
group;  both  groups  are  situated  along  the  internal  jugular  vein, 
between  the  base  of  the  skull  and  the  subclavian  veins,  and  ulti- 
mately  receive  the  efferent  vessels  from  all  the  lymphatic  structures 
of  the  head  and  neck.  The  efferent  vessels  from .  the  inferior  group 
finally  unite  to  form  the  jugular  lymphatic  trunk,  which  empties  on 
the  right  side  into  the  right  subclavian  vein  through  the  right 
lymphatic  duct,  and  on  the  left  side  into  the  thoracic  duct 
(Deaver^). 

Thus  the  nose  and  throat  form  a  region  studded  with  cavities 
and  sinuses  and  containing  an  abundance  of  lymphoid  tissue:  two 
conditions  most  favorable  for  inflammatory  processes.  Exposed 
to  the  inspired  and  expired  air,  to  contact  with  food,  drink,  and 
other  substances  taken  into  the  mouth,  and  with  very  close  and 
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important  relations  to  the  general  circulatory  and  lymphatic  sys- 
tems, the  ease  and  frequency  with  which  the  nose  and  throat  be- 
come involved  in  various  local  and  systemic  disorders  can  readily 
be  understood.  I  will  not  discuss  the  ordinary  local  inflammations, 
degenerations,  or  tumors  of  this  region,  except  as  they  are  con- 
cerned in  the  general  or  systemic  diseases,  but  rather  some  of  the 
bacteriologic  and  experimental  evidence  which  has  accumulated 
to  establish  more  firmly  the  assertion  that  the  lymphoid  tissue  of 
Waldeyer's  ring  is  the  most  frequent  portal  of  systemic  infection. 

Wood'  has  demonstrated  the  presence  of  bacteria  in  the  tonsil 
of  a  hog  and  says:  "The  anthrax  bacillus  penetrates  through  the 
living,  unaltered  cryptal  but  not  the  surface  epithelium.  Having 
gained  an  entrance,  it  tends  to  multiply  in  the  deeper  layers  and 
thus  passes  into  the  interfoUicular  tissue.  Rapidity  of  invasion 
is  governed  both  by  the  virulence  of  the  bacteria  and  the  suscepti- 
bihty  of  the  animal.  In  some  sections  examined  the  bacilli  were 
found  penetrating  the  walls  of  the  blood-vessels,  and  in  a  few  were 
seen  in  the  blood-current." 

MacLachlan*  has  reported  the  microscopic  examination  of  350 
pairs  of  tonsils,  and  makes  the  following  statement:  "We  have 
observed  that  when  symptoms  of  acute  tonsillitis  are  present  there 
is  always  a  pathologic  basis,  as  shown  by  ulceration  of  the  lining  of 
the  crypts.  We  therefore  feel  that  a  similar  lesion  is  present  in  the 
tonsillitis  preceding  rheumatism,  and,  as  far  as  we  know,  this  lesion 
difiFers  in  no  way  from  that  of  acute  lacunar  tonsillitis.  We  regard 
the  ulceration  of  the  lining  of  the  crypts  as  being  the  vulnerable 
point  of  entry  of  organisms  from  the  mouth.  It  matters  little 
apparently  what  bacteria  have  produced  the  lesion,  for,  once  the 
ulcer  has  formed,  it  is  possible  for  any  type  of  organism  to  gain 
access  to  the  deeper  tissues." 

Dick  and  Burmeister*  made  investigations  regarding  the  tox- 
icity of  human  tonsils.  These  were  received  in  sterile  gauze,  ground 
in  a  mortar,  and  extracts  prepared,  plated,  and  examined  micro- 
scopically. These  extracts  were  injected  into  rabbits,  guinea-pigs, 
and  dogs.     Many  interesting  observations  were  made  regarding 
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the  eflFect  on  the  injected  animals  and  their  condition. antemortem 
and  postmortem.    Their  conclusions  are : 

1.  The  extracts  of  tonsils  are  acutely  toxic  for  animals. 

2.  These  substances  affect  animals  in  a  manner  similar  to  that 
of  anaphylactoin. 

3.  The  relation  of  the  toxicity  of  tonsil  extracts  to  the  bac- 
terial flora  demands  further  study.  The  results  of  this  work, 
however,  would  indicate  that,  as  a  rule,  extracts  of  those 
tonsils  are  most  toxic  which  are  associated  with  hemolytic 
streptococci. 

Davis  •  made  a  study  of  the  tonsils  in  their  relation  to  chronic 
articular,  renal,  and  cardiac  lesions  in  113  cases,  and  his  data 
may  be  summarized  briefly  as  follows: 

Arthritis. — Hemolytic  streptococci  were  found  in  all  of  the  28 
cases  examined  and  were  predominant  in  25  cases.  Arthritis  was 
promptly  produced  by  the  injection  of  the  bacteria  into  the  veins 
of  rabbits. 

Nephritis. — ^Ten  cases  studied:  9  showed  hemolytic  strepto- 
cocci. On  injection  into  the  veins  of  rabbits,  all  10  developed 
lesions  of  the  tendon-sheaths  or  joints;  the  kidneys  and  urine 
remained  negative. 

Endocarditis. — Ten  cases  studied;  cultures  from  4  of  the  6 
showing  hemolytic  streptococci  were  injected  into  rabbits,  and 
arthritis  promptly  developed.  Of  the  remaining  cases,  2  gave  pure 
pneumococci  and  2  pneumococci  mixed  with  other  bacteria.  Rab- 
bits were  injected  with  three  of  the  pneumococci  strains;  2  devel- 
oped marked  vegetative  endocarditis. 

Of  the  remaining  cases,  nearly  all  with  histories  of  repeated 
attacks  of  tonsillitis,  61  were  classified  as  tonsillar  hypertrophy. 
In  50  the  bacteriology  showed  hemolytic  streptococci  in  almost 
pure  cultures;  pneumococci  predominated  in  2;  influenza  bacilli 
in  3.  Seven  strains  of  the  streptococci  were  injected  into  rabbits, 
all  developing  arthritis.  One  case  of  multiple  neuritis  without 
arthritis  or  heart  lesions,  and  in  which  the  crypts  revealed  pure 
hemolytic  streptococci,  produced  a  rapidly  fatal  multiple  arthritis 
in  a  rabbit.     The  microscopic  examination  of  the  tonsils  in  this 
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of  Highmore.  The  lymphatic  glands  along  the  sup)erior  laryngeaU 
recurrent  laryngeal,  and  glossopharyngeal  nerves  become  enlarged 
and  swollen;  by  pressure  on  these  nerves  or  by  involving  them  in 
the  inflammatory  reaction  there  is  a  resultant  neuralgia  or  neuritis; 
disturbed  functions,  such  as  hoarseness,  loss  of  voice,  cough,  diffi- 
cult deglutition;  defects  in  hearing,  dysp)epsia,  or  disturbed  heart 
action.  He  remarks  that  "  such  tonsils  may  not  be,  and  usually  are 
not,  large  or  acutely  inflamed." 

7.  Cervical  Adenitis, — Wood,'  after  some  original  work  on 
tuberculous  absorption  through  tonsillar  tissue,  reviewed  the  lit- 
erature and  summarized  the  findings  of  autopsies  on  p)ersons  dying 
of  tuberculosis.  In  145  autopsies,  103,  or  71  i>er  cent.,  showed 
secondary  tuberculous  changes  in  the  tonsil.  In  1671  autopsies 
there  was  primary  tuberculosis  of  the  faucial  tonsil  in  88,  or  more 
than  5  per  cent.,  and  of  these,  the  pharyngeal  tonsil  was  infected 
in  10  per  cent.  Various  pathologists  studied  tonsils  removed  from 
patients  having  adenitis,  and  all  agree  that  diseased  lymphoid 
tissue  is  the  channel  of  tuberculous  infection  of  the  cervical  lymph- 
glands. 

8.  Endocarditis,  myocarditis,  pericarditis,  arthritis,  nephritis, 
chorea,  osteomyelitis,  pleurisy,  phlebitis,  meningitis,  and  various 
eruptions  of  the  skin  may  be  mentioned.  The  relationship  between 
tonsillitis  and  rheumatism,  commented  on  long  ago,  is  now  firmly 
established.  Recently  many  writers  have  reported  cases  of  relaps- 
ing iritis,  phlyctenular  and  interstitial  keratitis,  etc.,  which  have 
long  resisted  the  usual  lines  of  treatment,  but  quickly  vanished 
after  the  removal  of  diseased  tonsils. 

Archibald*®  has  made  the  following  observations:  (1)  The  fre- 
quency of  a  previous  history  of  tonsillar  disease  in  rheumatism  and 
chorea;  (2)  the  frequent  occurrence  of  the  two  diseases  together 
or  at  different  times  in  the  same  individual;  (3)  the  liability  of  the 
two  diseases  to  be  complicated  by  cardiac  affections.  He  refers  to 
Rosenow's  work  in  rheumatic  infection,  which  proved  conclusively 
that  definite  strains  of  the  same  bacteria  have  a  predilection  for 
special  tissues  and  organs.  Following  this  idea  he  says:  "It  would 
seem  probable  that  chorea  also  is  produced  by  a  strain  of  strepto- 
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COCCUS  which  has  a  special  tendency  to  attack  the  central  nervous 
system."  Supporting  this  theory,  he  refers  to  the  work  of  Dick 
and  Rothstein."  These  investigators  isolated  a  streptococcus  from 
the  throat  of  a  patient  with  chorea  of  five  years'  duration.  Similar 
organisms  were  isolated  from  a  number  of  patients  with  more 
acute  chorea.  A  dog  injected  intravenously  with  a  growth  of  this 
streptococcus  developed  choreic  movements  within  twelve  hours. 
Archibald  gives  a  detailed  report  of  seven  patients  with  chorea 
who  had  had  tonsillectomies  performed  within  the  last  three  years. 
Briefly  summarized,  he  found : 

1.  The  patients  gave  histories  either  of  tonsillitis  or  inflamma- 
tory rheumatism,  or  of  both. 

2.  All  presented  choreiform  movements  at  the  time  of  opera- 
tion. 

3.  The  severity  of  the  symptoms  was  marked  in  5  patients; 
6  had  very  large  diseased  tonsils;  1  had  medium-sized  tonsils  with 
crypts. 

4.  Cardiac  complications:  4  had  mitral  regurgitation;  3  had 
no  cardiac  lesion. 

When  the  tonsils  were  removed  from  these  patients,  not  only 
did  the  general  health  improve,  but  the  choreic  movements  ceased 
in  a  remarkably  short  time.  In  a  very  few  weeks  they  were  in  a 
different  condition  both  mentally  and  physically. 

The  recognition  of  an  infected  tonsil  is  often  a  matter  of  some 
difficulty.  In  making  the  diagnosis  the  mucosa  of  the  surface  of  the 
tonsil  and  of  the  pharynx  should  be  carefully  inspected.  The  pres- 
ence of  redness  and  of  a  granular  surface  with  the  op)enings  of  the 
crypts  containing  pus  or  caseous  material  will  often  be  noted.  The 
anterior  pillar  may  be  retracted,  and  pressure  applied  to  the  base 
of  the  tonsil.  If  the  tonsil  is  diseased,  there  will  be  more  or  less 
pain,  and  the  patient  will  flinch  from  the  tenderness  of  these 
diseased  areas.  Caseous  materials  or  droplets  of  pus  frequently 
exude  from  the  crypts.  Such  tonsils  may  or  may  not  be  enlarged; 
if  enlarged,  they  are  the  more  easily  recognized.  They  may  vary 
from  a  hazelnut  to  a  walnut  in  size,  and  may  project  into  the 
throat,  but  more  often  are  deep  in  the  tonsillar  fossae. 
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Shambaugh  ^^  has  emphasized  two  points  in  the  recognition  of 
such  tonsils: 

1.  The  History  of  the  Case, — It  is  usually  found  that  the  sys- 
temic infection  develops  simultaneously  with  or  immediately  fol- 
lowing an  acute  tonsillitis.  In  other  cases  latent  foci  may  be  re- 
tained in  the  depths  of  the  tonsil;  these  may  become  active  at  later 
periods,  so  it  is  important  to  look  for  a  history  of  tonsillitis,  quinsy, 
sore  throat,  etc. 

2.  The  Examination  of  the  Tonsil, — ^He  especially  calls  attention 
to  the  large  flat  tonsil  with  a  granular  surface.  The  appearance  is 
due  to  hypertrophy  of  the  connective  tissue,  with  partial  oblitera- 
tion of  the  parenchyma.  In  conclusion,  he  states  that — (a)  "Chronic 
infection  in  tonsils  can  often  be  detected  in  cases  in  which  there 
has  been  no  history  of  acute  tonsillitis;  (6)  chronic  infection  in  the 
tonsil  may  be  present  with  no  evidence,  either  from  the  history  or 
examination;  (c)  such  tonsils  should  be  removed  when  no  other 
foci  of  a  severe  systemic  infection  can  be  detected." 

There  may  be  various  other  foci  of  infection  responsible  for  sys- 
temic disease,  though  probably  the  tonsil  is  the  most  frequent  and 
the  most  imjwrtant.  The  dentist,  the  nose  and  throat  specialist, 
the  gynecologist,  the  gastro-enterologist,  etc.,  may  disclose  other 
sources  of  infection  in  the  examination  of  difBcult  or  obscure  cases. 
These  findings  should  be  correlated  for  use  in  treatment  by  the 
family  physician  or  internist. 

In  cited  cases  tonsil  operations  have  failed  to  afford  the  expected 
improvement.  There  may  be  various  reasons  to  account  for  such 
failure.  Granted  that  the  tonsils  were  the  only  foci  of  infection, 
all  others  having  been  eliminated,  and  no  bodily  structures  irre- 
parably damaged,  by  far  the  most  common  cause  of  failure  is  the 
incomplete  removal  of  the  tonsil.  Remnants  are  left  behind,  only 
to  be  covered  by  the  scar  tissue,  which  more  or  less  closes  and  seals 
the  remaining  crypts.  The  remnant  is  thus  converted  into  a  most 
dangerous  focus  of  systemic  infection.  That  such  instances  are  not 
uncommon  is  shown  by  the  work  of  Cocks  ^*  in  New  York,  in  which 
he  was  assisted  by  Maxwell,  of  the  Department  of  Education,  and 
Baker,  of  the  Department  of  Health,  in  checking  up  the  results 
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of  tonsil  operations  on  public  school  children.    The  following  are 
among  Cocks'  summarized  statistics: 

(o)  Of  89  operated  on,  9,  or  approximately  10  per  cent.,  re- 
ceived mutilations  of  the  soft  parts  adjoining  the  tonsils. 

(6)  Of  21  operated  on  without  general  anesthesia,  19,  or  more 
than  90  per  cent.,  were  badly  done. 

(c)  Of  52  operated  on  wnth  general  anesthesia,  12,  or  25  per 
cent.,  were  poorly  done. 

(rf)  If  to  this  number  of  cases  receiving  mutilation  are  added 
the  number  badly  operated  on,  both  with  and  without  general 
anesthesia,  there  will  be  26.9  per  cent,  badly  done.  In  addition, 
there  were  31  children  who  required  further  treatment  for  nasal 
conditions. 

In  a  minor  degree  much  that  has  been  said  regarding  the  faucial 
tonsil  may  be  applied  to  the  pharyngeal  tonsil  or  adenoid.  The 
arrangement  of  this  lymphoid  structure  resembles  that  of  the 
faucial  tonsil,  the  principal  difference  being  the  size*  Also,  the 
capsule  is  absent  and  the  crypts  are  not  so  numerous  nor  so  con- 
spicuous. Exposed  to  the  same  sources  of  infection  that  the  tonsils 
are,  except  to  a  less  degree,  this  structure  may  cause  less  disturb- 
ance because  its  location  permits  an  unrestricted  inflammatory 
expansion  and  furnishes  better  drainage  of  its  excretions.  All  are 
familiar  with  the  large  adenoid  in  children,  its  effect  on  them, 
and  the  truly  wonderful  improvement  in  the  general  physical  and 
mental  condition  following  its  removal. 

I  wish  to  emphasize  the  frequency  with  which  large  adenoids 
exist  in  the  adult.  Any  one  may  confirm  this  by  the  employment 
of  the  postnasal  mirror  as  a  routine  in  the  examination  of  patients. 
Even  with  no  history  of  mechanical  obstruction  to  respiration,  no 
p)erceptible  interference  with  deglutition  or  the  sense  of  hearing, 
it  has  frequently  been  my  experience  to  find  large  adenoids  in  the 
nasopharynx  of  the  adult.  Occasionally  their  surface  presents 
large  op)en  crypts  from  which  exudes  mucus  or  a  mucopurulent 
discharge.  The  significance  of  this  is  obvious,  and  the  removal 
of  such  adenoids  is  of  marked  benefit  to  the  patient. 

Matthews^*  has  called  attention  to  the  pathologic  conditions  in 
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the  nose,  in  the  accessory  nasal  sinuses,  and  the  nasopharynx,  which 
are  so  frequently  found  in  patients  having  true  bronchial  asthma. 
In  184  cases  reported  58  had  polypi  in  one  or  both  nostrils  and  63 
had  suppuration  of  one  or  both  antra.  Therapeutically  he  found 
almost  invariable  relief  of  the  asthmatic  symptoms  to  be  in  direct 
proportion  of  the  extent  of  improvement  in  the  pathologic  con- 
ditions of  the  nose,  sinuses,  and  nasopharynx.  He  reviews  the 
experiments  in  anaphylaxis  by  Theobald  Smith  and  others,  and 
shows  the  similarity  of  this  condition  to  that  found  during  a  par- 
oxysm of  bronchial  asthma.  An  attack  of  hay-fever  and  the  asthma 
that  accompanies  it  have  been  produced  by  the  injection  of  a 
minute  quantity  of  the  toxalbumin  of  the  pollen  into  the  person 
subject  to  such  affections.  No  reaction  occurs  in  normal  indi- 
viduals. The  practical  application  of  these  observations  is  stated 
as  follows: 

"It  has  been  found  that  a  foreign  proteid  capable  of  sensitizing 
the  individual,  and  later  of  producing  the  anaphylactic  shock,  may 
result  from  autolysis  of  retained  placenta  or  other  tissues.  The 
frequency  with  which  retained  and  altered  mucoid  and  purulent 
discharges  are  found  in  the  nostrils  or  nasal  sinuses  suggests  that 
here  is  the  site  of  the  production  and  entrance  into  the  blood  of  the 
foreign  proteid  which  produces  the  anaphylactic  reaction  in  these 
cases.  The  quantity  of  foreign  proteid  necessary  to  sensitize  and 
later  to  produce  the  anaphylactic  reaction  in  a  susceptible  indi- 
vidual is  so  small  that  the  known  absorptive  powers  of  the  nasal 
mucous  membrane  could  undoubtedly  pass  it  into  the  blood  under 
suitable  conditions.  Moreover,  the  reaction  has  been  produced 
experimentally  in  guinea-pigs  by  the  inhalation  of  animal  emana- 
tions followed  by  the  injection  of  serum  from  animals  of  the  same 
species.  The  results  of  treatment  of  nasal  conditions  in  asthmatic 
patients  present  still  other  analogies  to  anaphylaxis.  Op)eration  to 
establish  free  drainage  and  aeration  of  the  mucous  membranes  of 
the  nose  and  accessory  sinuses  prevent  retention  of  secretions, 
while  in  other  cases  the  same  may  be  accomplished  by  local  treat- 
ment to  stimulate  profuse  discharge  so  that  secretions  are  washed 
away  before  autolysis  occurs.    This  prevents  the  formation  and 
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intermittent  absorption  of  the  specific  foreign  proteid  which  causes 
the  anaphylactic  reaction  commonly  known  clinically  as  asthma." 

This  theory  is  being  applied  practically  in  our  work  at  the 
Mayo  Clinic  with  results  that  are  uniformly  good  and  often 
remarkable. 

Bearing  in  mind  the  many  systemic  disorders  in  which  patho- 
logic conditions  of  the  nose  and  throat  are  causative  or  contributory 
factors,  routine  physical  examinations  should  always  include  a 
thorough  inspection  of  this  region.  In  this  way  the  real  nature  of 
many  obscure  systemic  conditions  will  be  revealed  with  great  clear- 
ness; and  treatment,  as  indicated  by  such  examinations,  will  be 
followed  by  the  most  satisfactory  results. 
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RADIOGRAPHIC  DIAGNOSIS  OF  METASTATIC 
PULMONARY  MALIGNANCY:  A  REPORT  OF 
71  POSITIVE  CASES  * 


ALEXANDER    B.    MOORE 


Our  object  in  presenting  this  paper  is  twofold:  First,  to  impress 
on  roentgenologists  the  typical  app)earance  of  metastatic  malig- 
nancy in  the  lungs;  second,  to  call  the  attention  of  surgeons  and 
internists — (a)  To  the  relative  frequency  of  the  condition;  (6) 
to  the  indefinite  clinical  pictures  these  cases  present;  and  (c)  to 
the  high  percentage  of  correct  radiographic  diagnoses  that  can  be 
made.  While  roentgenologists  have  long  recognized  metastatic 
pulmonary  malignancy  as  a  definite  radiographic  entity,  the  litera- 
ture is  woefully  deficient  in  any  description  of  their  work,  and  the 
accuracy  of  the  radiographic  examination  is  unknown  to  many 
physicians. 

Bristowe,*  as  early  as  1860,  called  attention  to  the  fact  that 
malignant  conditions  are  prone  to  metastasize  in  the  lungs,  and 
stated  that  these  areas  were  capable  of  secondary  degeneration  and 
infections,  thereby  simulating  many  pulmonary  diseases.  War- 
field  ^  has  reported  a  case  of  pulmonary  metastasis  from  cancer  of 
the  breast  on  which  he  performed  an  autopsy.  He  gives  an  inter- 
esting review  of  the  literature,  and  says  that  while  in  most  text- 
books the  condition  is  described  as  rare,  it  is  in  reality  far  from 
uncommon,  and  that  at  least  one-third  of  all  patients  dying  from 
cancer  of  the  breast  have  metastasis  in  the  lungs.  He  further 
quotes  from  the  report  of  cases  from  the  Middlesex  Hospital  in 
which  metastases  were  found  in  the  lungs  in  178  out  of  516  autop- 

*  Read  before  the  American  Roentgen  Ray  Society,  Atlantic  City,  September 
2«-25,  1915.      Reprinted  from  the  Amer.  Jour.  Roentgenology.  1916,  Ui,  126-30. 
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sies  performed  on  persons  who  had  died  from  cancer  of  the  breast. 
In  discussing  his  case  Warfield^  calls  attention  to  the  relatively 
good  general  condition  of  the  patient,  and  emphasizes  the  indefi- 
nite character  of  the  signs  and  symptoms.  He  believes  that  an 
antemortem  diagnosis  cannot  be  made  in  a  large  percentage  of 
these  cases. 


Fig.  155. — (196,800.)     Two  large  aivai  of  metastasis  in  right  lung,  secondary  to  sarcoma  of  the  pelvis. 


This  report  is  based  on  a  series  of  71  positive  cases  examined  at 
the  Mayo  Clinic  by  both  clinical  and  radiographic  methods,  and 
in  which  the  combined  findings  have  been  tabulated.  The  two 
examinations  have  been  conducted  independently,  and  in  a  major- 
ity of  instances  the  radiographer  had  no  knowledge  of  either  the 
clinical  history  or  findings  until  after  his  report  had  been  pre- 
sented. 
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There  were  39  women  and  32  men  in  this  series.  The  average 
age  was  forty-five  and  one-half  years.  The  average  time  since 
the  primary  growth  was  noticed  was  two  years  and  three  months. 
The  distribution  of  the  primary  focus  was  as  follows:  Breast; 
thyroid;  kidney;  soft  tissues  of  the  hand,  arm,  shoulder,  leg,  and 
thigh;   neck;   face;   hard  palate;  adrenal;   lung;  larynx;  esopha- 


Fig.  156. — (136.890.)    Same  as  Fig.  155.    Roentgenogram  made  thirty-five  days  later. 

gus;  uterus;  prostate;  testicle;  sigmoid,  and  in  abdominal  and 
pelvic  masses  the  exact  nature  of  which  could  not  be  determined. 
In  four  of  these  cases  the  seat  of  the  primary  lesion  was  not  dis- 
covered. While  the  most  common  primarj'  focus  was  the  breast, 
this  being  the  primary'  seat  of  the  malignancy  in  20  cases,  it  would 
seem  that  malignancies  probably  have  no  greater  tendency  to 
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form  metastases  in  the  lungs  from  this  focus  than  from  foci  situ- 
ated elsewhere.     This  point,  however,  is  still  under  investigation. 

In  the  8  cases  in  which  the  primary  focus  was  localized  in  the 
thyroid  there  was  clinically  a  higher  degree  of  dyspnea  than  in  the 
others.  This,  of  course,  is  explained  by  the  pressure  of  the  thy- 
roid from  above;  in  but  one  of  these  cases  was  the  thyroid  of  the 
intrathoracic  typ)e.  In  the  cancers  of  the  thyroid  it  has  been 
practically  impossible  to  determine  the  duration  of  the  primary 
malignancy,  the  enlarged  thyroid  usually  having  existed  for 
years. 

In  11  cases  the  primary  focus  was  in  the  soft  tissues  of  the  fore- 
arm and  shoulder  and  the  leg  and  thigh.  Of  these,  10  were  sar- 
coma and  1  epithelioma;  only  6  of  these  showed  any  enlargement 
of  the  axillary  or  inguinal  glands. 

Of  the  5  cases  in  which  there  was  metastasis  from  the  kidney, 
3  had  been  operated  on  and  2  showed  large  renal  masses  with  a 
definite  unilateral  hematuria;  in  1  the  tumor  was  demonstrated 
by  the  pyelogram.  Of  the  cases  operated  on,  2  were  "hyper- 
nephroma "and  1  carcinoma. 

In  5  of  the  cases  the  primary  focus  originated  in  the  soft  tissues 
of  the  neck  and  face;  3  were  sarcoma  and  2  epithelioma  (1  lip  and 
1  cheek).  According  to  the  literature,  it  seems  quite  unusual  for 
malignant  lesions  above  the  clavicle  to  metastasize  into  the  trunk. 
Our  experience  tends  to  confirm  this,  since  these  5  cases  form  a  very 
small  percentage  of  the  total  number  examined;  however,  the 
primary  lesions  were  not  nearly  so  extensive  as  in  many  cases  that 
did  not  show  metastases. 

The  2  cases  originating  in  the  uterus  were  both  cancers — one 
from  a  small  lesion  of  short  duration  in  the  cervix,  without  en- 
larged glands.  The  uterus  was  freely  movable,  and  the  patient 
apparently  in  splendid  condition.  The  other  was  secondary  to  a 
degenerated  myoma  that  had  been  removed  six  months  before. 
This  latter  case  was  complicated  by  a  pleural  effusion  and  the 
patient  was  in  extremis. 

In  2  of  the  cases  the  origin  was  in  the  esophagus.  Neither  pre- 
sented any  unusual  radiographic  features;  extreme  prostration, 
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due  to  their  inability  to  take  food,  was  the  most  marked  clinical 
characteristic. 

The  primary  focus  was  in  the  prostate  in  2  cases  and  in  the 
testicle  in  2.  The  2  in  the  prostate  were  carcinoma  and  1  had 
metastasized  in  the  pelvic  bones.  Those  originating  in  the  testes 
were  sarcoma;  both  had  been  op)erated  on  and  neither  had  any 
local  recurrence. 

There  was  1  case  originating  in  the  hard  palate,  1  in  the  larynx, 
1  in  the  adrenal,  and  1  in  the  sigmoid;  all  these  were  carcinomas 
presenting  no  unusual  features. 

One  case,  apparently  both  from  clinical  and  roentgenologic 
standpoints,  originated  in  the  lung.  The  clinical  history  and  find- 
ings as  to  the  primary  growth  were  very  definite,  and  the  radiologic 
evidence  of  the  metastases  was  beyond  question. 

In  59  of  the  series  we  were  able  to  obtain  pathologic  reports  as 
to  the  nature  of  the  growth.  Many  patients  brought  reports  from 
other  laboratories,  and  in  others  either  a  gland  or  a  piece  of  tissue 
from  the  primary  growth  was  removed  for  microscopic  examina- 
tion. These  specimens  were  classified  pathologically  as  40  car- 
cinomas, 16  sarcomas,  and  3  "hypernephromas."  Seven  autopsies 
were  performed  in  this  series  of  cases,  4  in  our  laboratories  and  3 
elsewhere.  The  small  percentage  of  autopsies  is  explained  by  the 
fact  that  most  of  the  patients  remained  in  the  clinic  but  a  few 
days,  and  while  in  many  instances  the  family  physician  was  re- 
quested to  obtain  permission  for  an  autopsy,  very  few  were  per- 
formed. 

Glandular  Enlargement, — Thirty-five  of  these  patients  showed 
some  palpable  enlargement  of  the  superficial  glands,  and  8  showed 
enlargement  of  the  deep  glands. 

Extent  of  Primary  Growth, — Apparently  no  idea  as  to  the 
presence  of  pulmonary  metastasis  can  be  gained  from  the  extent 
of  the  primary  growth.  Many  cases  with  extensive  involvement 
showed  no  metastasis,  while  in  many  of  the  cases  included  in  this 
report  the  primary  growth  was  small  and  clearly  op)erable,  except 
for  the  radiologic  evidence  of  metastasis. 

Other  Foci  of  Metastasis, — Fourteen  of   these  cases    showed 
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metastasis  in  organs  other  than  the  lungs  or  lymph-nodes.  The 
other  organs  most  frequently  involved  were  the  Uver,  bones,  and 
brain. 

Patients  Operated  On, — Forty-two  of  these  patients  had  been 
subjected  to  surgical  procedure  for  the  removal  of  the  primary 
growth;  of  these,  19  showed  local  recurrence.  The  average  time 
from  the  operation  to  the  discovery  of  the  metastases  was  fifteen 
months. 

Symptoms. — Cough  was  the  symptom  noted  most  often, 
being  present  in  32  of  the  71  cases.  The  character  of  the  cough 
was  usually  dry  hacking,  and  in  many  cases  was  little  more  than 
would  be  expected  in  patients  of  the  cancer-age.  It  was  usually 
unproductive,  expectoration  having  been  noted  in  but  8  of  these 
cases.  Hemoptysis  was  rare,  but  4  of  these  patients  giving  any 
history  of  blood-spitting.  The  so-called  prune-juice  sputum, 
regarded  by  some  observers  as  indicative  of  this  condition,  was 
noted  in  none  of  our  cases. 

Dyspnea, — The  next  symptom  in  order  of  frequency  was 
dyspnea;  this  occurred  in  30  of  our  cases.  The  dyspnea  was 
usually  progressive,  and,  when  marked,  tended  to  be  spasmodic 
in  character,  quite  often  simulating  asthma. 

Pain, — Pain  referred  to  the  thorax  was  noted  in  14  instances. 
This  pain  was  usually  described  by  the  patient  as  a  gnawing  one, 
and  was  not  influenced  by  respiration. 

Temperature. — But  4  of  these  patients  showed  an  increase  in 
temperature  at  any  time,  and  none  of  them  gave  a  history  of  night- 
sweats. 

Fluid. — There  was  both  clinical  and  radiographic  evidence  of 
pleural  effusion  in  12  of  the  cases,  and  in  10  the  effusion  was  tinged 
with  blood  when  aspirated. 

Physical  Findings, — A  very  striking  feature  was  the  relative 
absence  of  definite  physical  findings.  But  16  of  the  patients  pre- 
sented signs  that  could  be  construed  as  indicative  of  pulmonary 
metastasis;  of  these  16,  12,  as  mentioned  above,  had  pleuritic 
effusions. 

Loss  of  Weight, — Loss  of  weight  was  not  marked;   in  fact,  the 
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most  striking  feature  in  reviewing  this  series  was  the  relatively 
good  condition  and  fairly  healthy  appearance  of  most  of  the  pa- 
tients, save  for  the  anemia,  which  was  no  more  marked  than  in 
any  other  patient  suffering  from  a  malignant  lesion. 

If  the  above  tabulation  can  be  regarded  as  indicative,  the  clini- 
cal picture  of  pulmonary  metastasis  is,  indeed,  an  indefinite  one. 


Pig.  157. — (81,S2S.)  Two  small  malignant  nodules  in  the  upper  right  lobe.  secondar>'  to  carcinoma  of  the 

breast. 

the  most  common  symptom — cough — being  present  in  less  than 
50  per  cent,  of  the  cases.  No  idea  as  to  their  existence  can  be 
obtained  from  the  extent  of  the  primary  lesion  or  the  presence  or 
absence  of  glandular  involvement.  Only  by  routine  radiographic 
examination  in  cases  of  malignancy  will  the  diagnosis  be  made  in 
the  majority  of  these  cases. 


DIAGNOSIS    OF   METASTATIC    PULMONARY   MALIGNANCY 


613 


Radiologic  Appearance, — In  the  radiologic  examination  of  the 
thorax  in  suspected  eases  of  metastatic  pulmonary  malignancy,  as 
in  all  cases  examined  where  a  study  of  the  intrathoracic  viscera  is 
desired,  the  plates  should  be  made  and  studied  stereoscopically, 
and  great  care  and  conservatism  should  be  exercised  in  following 


Fig.  158. — (100,789.)  Extensive  arefts  of  metastasis  in  both  lungs,  secondary  to  an  abdominal  carcinoma* 
probably  primary  in  the  stomach. 


out  details  of  the  examination.  In  our  work  the  plates  have  been 
made  routinely  by  the  stereoscopic  method,  the  patient,  in  the  up- 
right posture,  facing  the  plate,  the  tube  shifted  parallel  to  the  spine. 
If  necessary,  a  second  pair  with  the  back  to  the  plate  may  be  made. 
Some  have  been  studied  by  the  fluoroscop)e  as  well,  but  only  in 
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those  cases  complicated  by  pleural  involvement  has  any  addi- 
tional information  been  obtained  by  this  means. 

The  radiologic  appearance  of  metastatic  malignancy  is  quite 
typical,  and  consists  in  the  localization  of  clear-cut,  circumscribed 
areas  of  increased  density,  varying  in  size,  in  our  exjjerience,  from 
the  head  of  a  small  hat-pin  to  that  of  an  orange.  Their  density 
varies  from  a  faint  shading  to  a  degree  approximately  equal  to 
that  of  the  heart,  depending  on  the  stage  of  the  disease.  These 
areas  are  usually  multiple,  are  found  near  the  hilus,  and  are  situated 
nearer  the  base  than  the  apices  of  the  pulmonary  lobes.  Radio- 
graphically,  they  may  be  differentiated  from  inflammatory  areas 
of  increased  density  by  the  clear-cut  line  of  demarcation  that 
separates  them  from  the  surrounding  tissues,  in  sharp  contrast  to 
the  so-called  "fimbriated  halo"  found  in  inflammatory  conditions. 
No  idea  as  to  cellular  structure  can  be  obtained  from  the  radio- 
graph, all  forms  of  malignant  tumors  apparently  giving  the  same 
appearance  in  the  radiograph. 

Differential  Diagnosis, — Radiographically,  the  conditions  that 
must  be  differentiated  most  often  from  metastasis  are  tuberculosis, 
syphilis,  and  cysts,  particularly  hydatids.  Tuberculosis  can  usually 
be  excluded  by  the  lack  of  any  clear-cut  line  of  separation  from  the 
surrounding  parts,  by  the  mottling  that  is  so  well  known  to  us 
all,  by  the  smaller  size  of  the  areas  of  increased  density,  and  l)y 
their  tendency  to  cavitation. 

Syphilis. — Syphilis,  according  to  Virchow,'  occurs  in  the  lungs 
in  two  forms:  namely,  interstitial  infiltration  and  gumma.  He 
states  emphatically  that  coarse  gumma  is  never  seen  without  a 
surrounding  infiltration.  Rothschild  ^  states  that  syphilis  is  shown  in 
the  radiograph  as  a  diffuse  shadow;  this  should  be  a  distinguishing 
feature  in  the  radiograph.  However,  we  have  seen  no  proved  cases 
of  pulmonary  gumma,  nor  do  our  records  of  nearly  2,000  auto{>- 
sies  show  any.  Most  observers  agree  that  syphilis  in  the  lungs  is 
very  rare.  Osier  ^  reports  but  12  cases  out  of  2500  autopsies.  The 
Massachusetts  General  Hospital  reports  no  cases  in  3000  autop- 
sies. In  our  cases  the  possibility  of  syphilis  was  always  excluded 
by  the  Wassermann  test. 
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Cysts, — Cysts  may  usually  be  differentiated  by  their  greater 
size  and  density.  A  large  percentage  of  cysts  of  the  lung  are  hy- 
datids, and  are  usually  located  in  the  right  lower  lobe;  most  of 
them  are  secondary  to  cysts  of  the  liver  and  gain  entrance  to  the 
lungs  by  penetrating  the  diaphragm. 

Radiographically,  60  of  our  71  cases  showed  multiple  nodules 


Fig/ 150. — (06,087.)  Multiple  areas  of  metastasis  in  both  lun;^,  secondary  to  carcinoma  of  cervix. 


and  11  showed  single  nodules.  One  of  the  most  striking  radio- 
graphic features  was  the  relative  absence  of  any  increase  in  the 
mediastinal  shadow,  only  27  showing  any  increase  at  all  over  the 
normal.  This  would  tend  to  confirm  the  observation  that  these 
metastases  are  embolic  and  travel  through  the  blood  rather  than 
the  lymph-stream. 
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A  positive  radiographic  diagnosis  of  metastatic  pulmonary* 
malignancy  was  made  in  58  of  our  series,  in  12  a  slightly  modified 
report,  and  in  1  case  a  negative  report.  In  this  latter  case,  through 
an  error  in  interpretation,  the  nodule  was  not  discovered  until  a 
second  examination  was  made. 

CONCLrSIONS 

From  the  above  study  the  following  conclusions  may  be  drawn: 

1.  Pulmonary  metastatic  malignancy  is  not  an  uncommon  con- 
dition, and  may  occur  regardless  of  the  seat  of  primary  focus. 

2.  Pulmonary  metastasis  bears  no  relationship  to  the  extent  or 
duration  of  the  primary  focus. 

3.  The  clinical  picture,  in  a  majority  of  these  cases,  is  very 
indefinite,  neither  the  subjective  nor  the  objective  manifestations 
being  characteristic  of  the  condition. 

4.  Metastatic  pulmonary  malignancy  is  a  definite  radiographic 
entity,  appearing  in  the  roentgenogram  as  clear-cut,  circumscribed 
areas  of  increased  density. 

5.  In  many  instances  the  diagnosis  can  be  established  only 
by  the  radiograph.  By  routine  radiographic  examination  of  the 
thorax  many  patients  suffering  from  malignancy  will  be  saved  from 
useless  and  unwarranted  surgery. 

LOCATION  OF  PRIMARY  FOCUS  IN  CASES  SHOWING  RADIOGRAPHIC 
EVIDENCE  OF  METASTASES  IN  THE  LUNGS 

Casks 

Breast 20 

Thyroid 8 

Kidney 5 

Soft  tissues  of  forearm  and  shoulder 6 

Soft  tissues  of  leg  and  thigh 6 

Soft  tissues  of  neck  and  face 5 

Uterus 2 

Esophagus 2 

ProsUte « 

Testicle 2 

Hard  palate 

Larynx 

Sigmoid 

Adrenal 

Lung 

Abdominal  and  pelvic  masses 4 

Origin  not  determined 4 
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Men 32 

Women 39 

YKAB8 

Average  age 45.5 

Average  time  since  growth  was  noted 2}4 

Cases 

Histologic  examination 59 

Carcinomas 40 

Sarcomas 16 

Hypernephromas 3 

Enlargement  of  superficial  glands 35 

Enlargement  of  deep  glands 8 

Other  foci  of  metastasis 14 
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THE  TREATMENT  OF  CHRONIC  NON- 
TUBERCULOUS  EMPYEMA* 

SAMUEL    ROBINSON 

Certain  thoracic  diseases  which  for  generations  have  fallen  to 
the  lot  of  the  surgeon  are  yet  badly  handled.  Conspicuous  among 
these  is  that  patriarch  of  the  surgical  scrap-heap,  chronic  empyema. 
There  is  obvious  opportunity  for  improvement  in  the  treatment 
of  this  disease. 

A  patient  thus  afflicted  presents  a  typical  picture:  that  of  a 
stooping,  one-sided,  emaciated,  pale,  club-fingered  person — not 
seriously  ill,  but  nevertheless  a  chronic  invalid.  He  oscillates 
daily  between  the  surgical  dresser's  room  and  the  park  bench,  his 
family  meanwhile  suffering  the  poverty  incident  to  his  inefficiency. 
There  is  generally  an  opening  somewhere  in  his  chest.  It  has  been 
there  for  from  six  months  to  twenty-five  years.  He  is  the  survivor 
of  one  and  perhaps  of  several  operations,  and  yet  pus  contmues  to 
discharge  from  his  side.  The  surgeon  passing  through  the  dispen- 
sary recognizes  one  of  these  unfortunates  and  proverbially  remarks 
to  himself,  "  Some  day  when  there  is  a  shortage  of  more  interesting 
material  I  must  take  out  some  more  of  that  man's  ribs."  The 
patient  meanwhile  continues  the  object  of  procrastination  and 
neglect. 

It  may  be  said  that  the  chronicity  of  these  cases  is  rather  more 
the  result  of  the  surgeon's  lack  of  persistence  in  bringing  his  patient 
to  the  point  of  cure,  than  it  is  to  ill  choice  of  method  or  lack  of 
surgical  skill. 

Localization  of  Cavity 

Assuming  that  the  diagnosis  of  chronic  empyema  has  been 
made,  the  first  step  in  treatment  is  the  determination  of  the  size 

*  Missouri  Valley  Med.  Soc.,  September  23,  1915,  Des  Moines.  Reprinted 
from  Surg.,  Gyn.  and  Obst.,  1916,  xxii. 
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and  location  of  the  persisting  cavity.  This,  of  course,  depends  upon 
the  direction  and  extent  of  lung  retraction.  Auscultation  and  per- 
cussion as  a  means  of  diagnosis  are  valueless,  or,  to  say  the  least, 
so  inadequate  compared  to  other  methods  at  our  disposal  that  they 
may  be  disregarded. 

If  a  sinus  in  the  wall  of  the  chest  has  been  produced  per  necessi- 
totem  or  by  previous  operation,  an  olive-tipped  flexible  probe,  if 
inserted  into  the  cavity,  will  at  least  disclose  the  longest  diameter. 
If  rotated  within  the  cavity,  the  arc  expressed  by  the  olive  tip  may 
be  noted  from  the  corresponding  rotation  of  the  flattened  handle. 
Thus  the  lateral  diameters  may  be  estimated  with  surprising 
accuracy. 

Stereoscopic  roentgenograms  contribute  in  the  localization  of 
a  cavity  according  to  circumstances.  If  the  empyema  is  of  long 
duration  and  has  never  been  drained,  the  roentgen  ray  will  cast 
a  deep  shadow  which  is  continuous  with  and  not  distinguishable 
from  the  adjacent  thickened  pleura.  The  actual  size  and  location 
of  a  cavity  is,  therefore,  not  demonstrated.  If  the  pleural  pus  has 
been  draining  through  a  bronchus,  pyopneumothorax  is  present; 
a  fluid  level  is  shown.  The  empty  part  of  the  cavity  is  outlined, 
and  the  shape  of  the  remainder  may  be  roughly  estimated.  If  the 
cavity  has  been  drained  through  the  chest-wall  and  is  practically 
emptied  of  its  contents,  the  stereoscopic  roentgenograms  will  por- 
tray the  outlines  of  the  cavity  in  a  large  proportion  of  cases.  The 
exceptions  are  those  instances  in  which  the  cavity  is  not  situated 
in  the  usual  lateral  portion  of  the  chest  (Figs.  160  and  161),  but 
rather  anteriorly  or  posteriorly  (Figs.  164  and  165).  Under  such 
conditions  the  lung  is  not  thrown  in  silhouette,  as  in  cases  in  which 
there  is  a  lateral  cavity,  but  rather  overlies  the  cavity,  and  its  own 
markings  obscure  the  cavity  outlines.  It  would  seem  that  the 
stereoscope  would  overcome  this  obstacle,  but  unfortunately  such 
is  rarely  the  case. 

By  far  the  most  accurate  and  satisfactory  method  of  outlining 
cavities  associated  with  a  sinus  of  the  chest- wall  is  the  following : 
A  narrow  bandage  or  tape  is  unwound  and  immersed  in  barium 
sulphate  and  water  mixed  to  the  consistency  of  thin  cream.    With 
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a  probe  it  is  fed  through  the  sinus  into  the  cavity,  care  being  taken 
that  each  loop  of  the  tape  is  carried  to  the  Hmits  of  the  space  until 
it  is  packed  full.  A  stereoscopic  radiogram  is  then  taken  (Figs.  168 
and  169).  The  mass  of  barium-soaked  tape  casts  a  definite  shadow 
which  is  distinguishable  from  the  lung-shadow,  even  when  the  two 


Fig.  160.— DiAgram.  Small  lateral  empyema  cavity.  The  common  type:  generally  - 
strable  in  radiogram.  Curable  by  shrinkage  type  of  operation,  or  by  any  of  the  cavity  filling 
tioa^     Decortication  not  neceinary. 


are  superposed,  as  in  the  anterior  and  posterior  cavities  mentioned 
above. 

The  injection  of  liquid  mixtures  containing  bismuth  or  barium 
has  long  been  utilized  in  conjunction  with  the  roentgen  ray  to 
demonstrate  empyema  cavities.    It  is  often  difficult  to  completely 
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fill  the  cavity  with  such  mixtures.  If  a  bronchial  fistula  is  present, 
a  sudden  flooding  of  the  trachea  may  occur,  the  consequences  of 
which  are  rarely  fatal,  but  sometimes  alarming.  Bismuth  retained 
after  such  infections,  particularly  when  the  sinus  is  small  and  the 
outflow  is  obstructed,  may  lead  to  a  moderately  severe  reaction; 


Fig.  161.— Diagram.  Large  lateral  empyema  cavity.  A  type  demonstrable  in  radiogram.  ^  Suit- 
able for  decortication,  followed  by  further  osteoplastic  resections  of  either  the  filling  or  shrinkage 
type. 

this  is  an  unwelcome  incident  in  the  course  of  a  purely  diagnostic 
measure.  Suffice  it  to  say  that  the  packing  with  barium-soaked 
tape  is  simpler,  safer,  and  equally  efficient  in  demonstrating 
cavities. 

The  cystoscope  has  been  employed  to  survey  empyema  cavities. 
There  is  little  to  be  derived  therefrom. 
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The  diagrammatic  drawings  shown  in  Figs.  160-166,  were 
made  from  a  skeleton  thorax  in  which  the  retracted  lung  was 
modeled  in  wax  in  many  of  the  positions  in  which  the  writer 
has  found  it  at  operation.  To  these  might  be  added  illustra- 
tions of  the  many  t^'pes  of  smaller  cavities  resulting  from  local- 


w 


¥\%.  162.— Diagram.  Lateral  view  of  cavity  Fig.  1«3.— Diagram.  Type  of  chronic  em- 
shown  m  Fig.  161.  Illustrates  the  enormity  of  pyema  cavity  which  may  follow  pneumonia  of 
any  osteoplastic  resection  undertaken  previous  the  upper  lobe.  External  filling  type  of  opera- 
to  an  attempt  at  decortication.  tion  indicated. 


ized  septic  effusions,  including  the  particularly  rare  form  of  inter- 
lobar empyema. 

Preliminary  Drainage 
It  is  plainly  apparent  that  no  one  method  of  treatment  nor  any 
one  type  of  operation  would  be  suitable  for  all  chronic  empyema 
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cavities,  which  assume  such  a  diversity  of  size,  shape,  and  location. 
Nevertheless,  one  cardinal  rule  of  treatment  may  be  laid  dowTi  at 
the  outset  which  is  applicable  to  them  all.  No  operation  designed 
for  the  obliteration  of  a  chronic  empyema  cavity  should  be  per- 
formed until  this  cavity  has  been  provided  with  wide-open  drainage 
at  the  lowest  possible  point  for  a  period  of  at  least  six  weeks. 


Fig.  IM. — Diagram.  Anterior  cavity.  Not  demonstrable  by  radiogram  except  in  lateral  view  or 
in  conjunction  with  barium-soaked  bandage  pack.  Suitable  type  for  Schede  osteoplasty  combined 
with  mu9cle  implantation.     Also  suitable  for  the  infolding  lateral  dap  operation. 


The  case  to  be  treated  presents  one  of  the  following  conditions: 
1.  An   incarcerated  accumulation  of  pleural  pus  which  has 
remained  unrecognized  and  undrained  for  months  and  even  years. 
52.  A  cavity  which  "leaks"  but  does  not  empty  through  a 
bronchial  opening,  situated  generally  at  a  level  far  above  the  bot- 
tom of  the  space. 
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3.  A  cavity  which  leaks  an  absurdly  small  proportion  of  its 
contents  through  an  empyema  necessitates  opening  the  chest- 
wall. 

4.  A  cavity  which  drains  profusely  and  yet  incompletely 
through  an  operative  wound  from  which  the  drainage-tube  has  been 
prematurely  removed. 


Fig.  1 05. — DiAgram.    Posterior  c«\-ity.    Particularly  luitable  for  the  lateral  flap  infolding  operation. 


In  each  and  all  of  these  conditions  the  patient  is  the  unfortunate 
carrier  of  from  a  half-pint  to  three  quarts  of  residual  pus.  He  is 
suflFering  from  a  chronic,  low-grade  septic  absorption.  He  is  a  poor 
surgical  risk,  particularly  for  the  type  of  operation  to  which  he 
must  eventually  be  subjected. 

A  preliminary  drainage  operation  is,  therefore,  indicated  in 
nine-tenths  of  the  cases  first  met  in  a  surgical  clinic.    The  bottom  of 
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the  cavity  is  located  with  an  exploratory  needle  attached  to  a 
tight  glass-barreled  syringe.  It  matters  little  whether  or  not  there 
are  already  openings  in  the  chest;  generally  they  are  too  high  and 
too  small  to  be  regarded.    Through  such  openings  a  curved  probe 


Fijf.  166. — Diaf^ram.  Multiple  encapsulated  empyema  caviti«?3.  Generally  fatal  in  the  subacute 
stai^  because  of  impossibility  of  dia^OHis  and  localization.  Drainage  operation  evacuates  one  cavity 
only. 


may  aid  in  locating  the  real  bottom  of  the  pleural  space,  at  which 
point  an  inch  of  rib  is  resected  and  a  large  tube  inserted. 

The  improvement  of  a  patient  thus  provided  with  new  drainage 
is  striking.  There  may  be  a  weight  increase  of  20  pounds  in  six 
weeks.  Then  and  not  until  then  is  radical  operation  to  be  under- 
taken. 

•15—40 
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Treatment  Without  Operation 
This  subject  is  scarcely  worthy  of  discussion.    Generally  speak- 
ing, non-operative  treatments  in  chronic  empyema  are  attended 
with  cure  only  in  those  patients  who  would  have  recovered  eventu- 


Fig,  167. — Diagram.  Combined  lateral  and  diaphragmatic  empyema  cavities  not  connecting.  .Ac- 
curate diagnosis  generally  impossible.  One  cavity  generally  drained;  the  other  overlooked.  Par- 
ticularly adapted  to  operation  of  Lilienthal  type. 

ally  and  with  Hke  promptness  without  any  treatment.  It  is  an 
established  fact  that  fibrous  connective-tissue  formation  on  the 
pleural  surfaces  occurs  with  slow  but  regular  growth,  diminishing 
the  capacity  of  the  cavity  accordingly.  Shrinkage  of  all  tissues 
associated  with  some  deformity  further  contributes  to  the  oblitera- 
tion of  the  pleural  space.    It  is  not  surprising,  perhaps,  that  the 


TREATMENT   OF  CHRONIC   NON-TUBERCULOUS   EMPYEMA      627 

enthusiastic  physician,  employing  some  non-operative  method, 
credits  the  apparent  improvement  to  his  therapy  rather  than  to 
the  physiologic  processes  which  have  meanwhile  been  at  work. 

Thus  the  vaccine  enthusiast  receives  his  regular  pittance  for 
months.  His  conscience  is  relieved  by  the  apparent  diminution 
in  the  amount  of  discharge.  The  patient  is  temporarily  encouraged, 
and  he  notes  further  that  the  discharge  is  less  ofiFensive.  From 
these  facts  both  assume  that  the  cavity  is  much  reduced  in  size. 
Vaccine  therapy  is  indicated  for  symptomatic  relief.  It  will  not 
cure.  There  is  no  real  evidence  that  any  of  the  physiologic  healing 
of  processes  in  the  pleural  cavity  are  fostered  or  stimulated  by 
vaccines.  The  subject  is  worthy  of  mention  only  in  the  sense  of 
caution.  Vaccine  therapy  has  done  far  more  to  postpone  unneces- 
sarily the  obviously  necessary  surgical  procedure  than  it  has  ever 
done,  even  in  the  relief  of  symptoms. 

Bismuth  and  vaselin  (Beck's  paste)  is  commonly  used  as  an 
injection.  This  form  of  therapy  has  definite  limitations,  which 
were  lamentably  overlooked  until  a  number  of  disasters  emphasized 
them.  The  mixture  has  a  definite  bactericidal  action  upon  the 
secretions  of  septic  cavities.  When  an  empyema  cavity  has  thus 
been  rendered  sterile,  the  tendency  of  the  chest-wall  opening  is 
to  close.  The  cavity  remains.  Both  physician  and  patient  rejoice 
at  a  cure  which  is  far  more  apparent  than  real.  If  the  outflow  of  the 
infected  mixture  has  been  incomplete  during  the  treatments,  the 
bismuth  incarcerated  in  the  large  cavity  may  gradually  produce 
symptoms  of  bismuth  poisoning.  Fatalities  unquestionably  have 
resulted.  Furthermore,  months  or  even  years  after  the  closure  of 
the  sinus  and  the  apparent  cure  of  the  patient  febrile  symptoms 
have  developed,  with  all  the  other  indications  of  retained  infection 
within  the  chest.  If  drainage  is  not  reestablished,  an  empyema 
necessitatis  may  develop  in  the  scar,  to  the  surprise  and  mortifica- 
tion of  the  physician,  who  finds,  on  further  examination,  that  a 
large  cavity  still  persists,  which,  though  temporarily  sterilized  by 
the  mixture,  has,  through  blood  or  lymphatics,  become  reinfected, 
with  dire  results. 

Empyema  cavities  of  more  than  six  or  seven  ounces  capacity 
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should  not  be  injected  with  bismuth  and  vaselin,  except  to  reduce 
an  overabundant  secretion  by  lowering  the  toxicity  of  the  infection. 
In  such  usage  care  should  be  taken  that  the  mixture  injected  is 
provided  with  free,  unobstructed  escape. 

Small  empyema  cavities,  either  primarily  small  or  rendered  so 
by  previous  operations,  may  be  injected  with  the  deliberate  intent 
to  sterilize  them  and  to  heal  their  drainage  openings.  The  physi- 
cian should  acquaint  his  patient  with  the  fact  that  the  apparent 
cure  resulting  may  not  be  a  permanent  one,  advising  him  further 
that,  on  the  appearance  of  any  untoward  symptoms,  he  should 
return  for  consultation  and  perhaps  for  reopening  of  the  sinus. 
Certain  observers  have  been  sufficiently  cautious  in  employing  this 
therapy  to  aspirate  with  a  needle  the  i>ersisting  closed  cavity  from 
time  to  time,  to  determine  the  degree  of  obliteration  and  the  en- 
durance of  the  sterilization. 

The  non-operative  treatments  of  chronic  empyema,  then,  some 
of  which  have  been  mentioned  in  the  foregoing,  must  be  employed 
with  caution  and  with  understanding  as  to  the  occasions  w^hen  they 
are  indicated. 

Surgical  Treatment 
The  necessity  of  preliminary  drainage  at  the  extreme  bottom 
of  all  empyema  cavities  previous  to  more  radical  procedures  for 
obliteration  has  been  emphasized.  The  patient  returns  six  weeks 
or  two  months  after  this  drainage  with  his  maximum  resistance. 
An  operative  fatality  is  now  inexcusable.  It  occurs  for  definite 
avoidable  reasons: 

1.  When  an  attempt  is  made  to  accomplish  the  obliteration  of 
a  large  cavity  in  a  one-stage  operation. 

2.  When  there  is  an  erroneous  conception  of  the  degree  of  re- 
sistance possessed  by  a  given  patient,  together  with  an  operative 
procedure  which  overtaxes  his  resistance. 

3.  W^hen  the  atrocious  custom  is  employed  of  operating  on 
these  patients  until  symptoms  of  shock  appear;  with  ignorance  of 
the  fact  that  the  maximum  shock  after  such  osteoplastic  opera- 
tions is  not  demonstrated  until  after  two  hours. 
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4.  When  there  is  undue  regard  for  hemostasis,  loss  of  blood 
being  far  more  contributory  to  shock  in  such  cases  than  trauma. 

5.  When  there  is  an  excessive  expenditure  of  time. 

6.  When  the  administration  of  the  anesthetic  is  unskilful. 
The  operations  may  be  discussed  as  being  of  two  types,  each 

designed  to  further  one  of  the  two  physiologic  healing  processes, 


Fig.  168. — Radiogram  of  empyema  cavitv  packed  with  barium-soaked  tape,  showing  that  a  tor- 
tuous narrow  cavity  may  be  thus  packed.  Illustrates  type  of  cavity  suitable  for  antiseptic  injections 
(Beck's  paste). 

namely,  shrinking  of  the  diseased  half  of  the  thorax,  or  actual  fill- 
ing of  the  empyema  cavity  itself.  Any  attempts  to  fill  the  cavity 
are  necessarily  accompanied  by  a  certain  degree  of  shrinkage  be- 
cause of  the  rib  resection  necessary  to  permit  accessibility  to  the 
cavity.  Operations  designed  for  shrinkage,  however,  may  not  con- 
tribute in  the  least  to  actual  filling.    For  example,  the  W^ilms  opera- 
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tion  consists  in  the  resection  of  one-half-inch  segments  of  several 
ribs  at  their  angles  posteriorly,  and  at  the  costochondral  juncture 
anteriorly.  The  normal  curve  of  each  rib  from  angle  to  cartilage 
remains  unaltered.  Approximation  of  the  shafts  of  the  ribs  is 
promoted,  nevertheless,  by  the  release  of  their  anchorage  front  and 
back.  A  moderate  degree  of  slumping  of  the  costal  arch  at  the 
sternal  and  vertebral  ends  may  also  occur.    In  other  words,  by  this 


Fig.  169. — Cavity,  incompletely  demonstrable  by  radiogram  alone,  defined  by  barium-soaked  |>ack. 

type  of  operation  the  lateral  thoracic  diameter  is  reduced.  The 
lateral  contour  is  considerably  flattened,  but  one  fails  to  produce 
any  actual  caving  in  over  the  cavity  area  which  could  be  said  to 
contribute  to  its  filling. 

The  Estlander  operation  consists  in  the  excision  of  several  seg- 
ments of  several  ribs  in  any  portion  of  their  shafts.  A  moderate 
degree  of  local  slumping  of  the  thoracic  wall  may  occur  after  the 


TREATMENT   OF   CHRONIC   NON-TUBERCULOUS    EMPYEMA      631 

more  radical  operation  of  the  Estlander  type,  although  its  function 
is  essentially  to  produce  a  uniform  shrinkage.  In  fact,  it  was  the 
failing  of  Estlander's  operation  to  contribute  to  any  marked  degree 
to  the  obliteration  of  a  cavity  which  led  Schede  to  describe  his 
operation,  the  very  nature  of  which  accomplishes  a  local  chest- wall 
collapse.  Estlander's  name  is  commonly  attached  erroneously  to 
operations  of  the  Schede  type.  One  effects  shrinkage  alone,  the 
other  both  shrinkage  and  collapse. 

The  distinctive  features  of  the  Schede  operation  is  the  complete 
removal  of  the  bony  wall  of  the  empyema  cavity;  in  other  words, 
the  free  resection  of  all  ribs  overlying  the  cavity,  regardless  of  the 
number  or  extent  (Fig.  171).  Schede  also  recommends  the  removal 
of  the  thickened  parietal  pleura  lying  beneath  the  resected  ribs, 
and  forming  the  outer  lining  of  the  cavity  (Fig.  172).  He  thus 
sacrifices  a  layer  of  tissue  often  more  than  an  inch  in  thickness, 
increasing  one  diameter  of  the  cavity  correspondingly.  He  argues 
that  the  removal  of  this  leathery,  unyielding  layer  permits  mDre 
slumping  of  the  skin  and  muscle-flap  into  the  depths  of  the 
cavity,  thus  gaining  more  in  the  obliteration  of  the  space  than 
was  lost  by  the  sacrifice  of  the  connective-tissue  mass  which  nature 
had  labored  perhaps  for  several  years  to  produce.  He  adds  that 
the  muscle-surface  now  forming  the  outer  wall  of  the  cavity  will 
granulate  rapidly  and  aid  further  in  the  filling  function. 

Even  the  Schede  operation,  radical  and  mutilating  as  it  may 
seem,  often  fails  to  accomplish  its  primary  purpose,  namely,  to 
produce  filling  by  local  slumping.  Probably  a  Schede  type  of  opera- 
tion was  never  performed  without  a  certain  degree  of  reduction 
in  the  cubical  contents  of  a  cavity.  This,  however,  may  be  ex- 
plained more  by  the  general  thoracic  shrinkage  which  such  an 
extensive  rib  resection  obviously  permits,  than  by  local  filling. 
These  are  two  explanations  for  this  "filling  defect"  (to  borrow  a 
roentgenologic  term).  If  the  skin  and  muscle-flap  are  sutured 
accurately  to  their  original  position,  a  tense,  somewhat  tightly 
drawn  covering  is  provided  to  the  cavity,  which  spans  the  space 
but  does  not  enter  it.    If,  thanks  to  the  paucity  of  ribs,  the  skin  and 
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muscle-flap  at  first  spread  loosely  over  the  gap,  the  healing  con- 
tractions tighten  it  later  into  a  spanning  membrane. 

Another  explanation  of  the  frequent  failure  of  the  Schede  flap 
to  assume  the  concave  curve  of  the  cavity  is  to  be  found  in  the 
error  of  dividing  the  covering  ribs  in  such  manner  that  their  ends 
directly  overlie  the  borders  of  the  empyema  gap.  A  rigid  bony 
rim  is  thus  provided  to  the  cavity,  over  which  the  flap  must  make 
an  abrupt  pitch  in  order  to  follow  its  curve.  If,  on  the  contrary, 
the  ribs  are  divided  an  inch  beyond  the  pleural  limits  of  the  cavity, 
the  pitch  is  a  more  gradual  one. 

The  Fowler-Delorme  operation  of  decortication  is  designed  to 
fill  the  empyema  cavity  from  within;  the  Schede  type  seeks  to 
fill  from  without.  The  Fowler  operation,  theoretically  at  least, 
aims  to  obliterate  chronic  empyema  cavities  in  the  ideal  fashion. 
It  not  only  should  minimize  deformity  of  the  contour  of  the  chest- 
wall,  but  also,  by  ridding  the  lung  of  its  thick  pleural  covering, 
favor  its  reexpansion,  thus  restoring  more  nearly  its  full  respiratory 
function.  All  other  osteoplastic  operations  for  this  disease  deliber- 
ately abandon  the  lung  itself  to  its  retracted  state  and  to  its  im- 
paired function.  The  technic  is  not  elaborate  or  difiicult  of  execu- 
tion. Several  inches  of  several  ribs  in  the  region  of  the  cavity  arc 
resected.  Some  parietal  pleura  is  removed,  producing  an  opening 
through  which  instruments  and  fingers  may  strip  the  visceral  pleura 
from  that  portion  of  the  lung  forming  the  inner  wall  of  the  cavity. 
Thus  liberated,  the  lung  should  expand.  When  it  does,  the  picture 
is  awe-inspiring.  The  cavity  appears  to  be  filled  from  the  bottom 
up. 

Ransohoff's  operation  is  a  modification  of  the  decortication 
type.  The  visceral  pleura  is  not  stripped,  but  incised  with  multiple 
cuts  which  are  intended  to  reduce  the  tenacity  of  the  fibrous  pleural 
layer,  so  that  it  yields  to  the  ever-present  tendency  of  the  lung  to 
expand. 

Appealing  as  the  operation  of  the  Fowler-Delorme  type  may  at 
first  appear,  the  results  are  not  infrequently  disappointing.  The 
area  of  cleavage  below  the  visceral  pleura  is  not  always  unob- 
structed.   Fibrous  bands  may  cross  from  the  thickened  pleura  to 
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the  interalveolar  connective  tissue  of  the  lung  parenchyma.  In 
freeing  these,  lung  tissue  may  be  lacerated,  causing  bleeding  and 
multiple  minute  air-fistulse.  Hemorrhage  may  necessitate  the  ter- 
mination of  the  operation  before  the  completion  of  the  decortica- 
tion; the  degree  of  cavity  filling  is  thus  disappointingly  minimized. 
Lung  infection  has  resulted  from  the  laceration  of  the  peripheral 
air-spaces.  Fatalities  have  occurred  from  each  of  these  complica- 
tions. 

If,  on  the  contrary',  the  decortication  is  readily  executed,  and 
the  lung,  during  a  forced  expiration  of  light  anesthesia,  appears  to 
occupy  the  pleural  space,  the  new  relations  are  difficult  to  main- 
tain. The  lung  may  be  temporarily  inflated  and  forced  even  to 
approximation  with  the  chest-wall,  but  in  the  presence  of  an  open 
chest  neither  negative  pressure  nor  pleural  capillarity  is  present 
to  retain  the  expansion.  To  reproduce  the  normal  suction  effect 
of  the  chest-wall  one  must  close  hermetically  the  operative  wound. 
By  so  doing  one  must  also  imprison  infection  within  the  diseased 
pleural  cavity,  and  local  accumulations  of  pus  are  dangerously 
likely  to  occur.  Efforts  have  been  made  to  suture  the  inflated  lung 
to  the  parietes,  but,  unfortunately,  one  secures  apposition  6f  suture 
lines  rather  than  of  surfaces.  Pocketing  of  infection  is  again  immi- 
nent. Positive  pressure  breathing  exercises  are  religiously  carried 
out  during  convalescence  to  maintain  inflation,  but  agglutination 
between  the  intermittently  opposed  surfaces  does  not  willingly 
occur.  The  fibrous  parietal  pleura  presents  a  slimy  surface,  to 
which  even  the  freshened  surface  of  the  lung  may  not  adhere.  The 
authors  of  the  operation  emphasized  the  necessity  of  removing  both 
the  visceral  and  parietal  pleurae  in  order  that  two  raw  surfaces 
might  be  brought  in  apposition.  Surgeons  of  late  years  have  rarely 
attempted  the  stripping  of  the  parietal  pleura.  It  prolongs  an 
already  severe  operation  and  is  generally  omitted. 

Decortication,  then,  though  in  given  instances  of  unquestion- 
able value,  has  its  limitations.  It  contributes  to  the  cavity  filling 
a  greater  or  less  degree;  it  rarely  obliterates  it. 

Inadequate  as  the  osteoplastic  resections  and  the  decortica- 
tions may  sometimes  appear,  it  must  be  admitted  that  what  we 
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Fig.  172. — Muscle  implantation  operation.  Third  step:   Thickened  parietal  pleura  in  procc«  of  ] 

moval. 
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Fig.  173. — Muscle  impUntation.  Fourth  ^tcp:  LatLuimus  muscle  ha«  been  split;  one-half  has  been 
disjiectecl  from  V-shaped  flap  and  sutured  into  top  of  cavity;  the  remaining  half  is  to  be  implanted  like- 
wise.    Note  important  lateral  sutures  to  muscle  to  relieve  tension  upon  stitch  at  top  of  flap. 
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of  the  fibrous  pleura  is  far  too  meager  to  assume  completely  the 
nourishment  of  isolated  tissue.  If,  however,  muscle  is  swung  into 
an  empyema  cavity  as  a  pedicled  flap,  preserving  its  original  blood 
supply,  it  can  be  relied  upon  as  an  eflScient  filling  agent. 


::i^O  ^' 


Fig.  174. — Muscle  implantation.  Fifth  step:  U-shi4)ed  skin  and  fat  flap  baa  been  restored.  Tri> 
angular  piece  has  been  excised  from  border  of  flap  to  permit  of  free  drainage,  packing,  and  stimulatioa 
of  muscle  granulations. 


Schulten,  Sudeck,  Ringel,  Korte,  and  Hellstrom  have  described 
operations  which  include  the  removal  of  portions  of  the  scapula. 
In  association  with  this  they  have  utilized  the  remaining  scapular 
muscles  to  aid  in  the  filling  of  the  empyema  cavity.  The  excision 
of  portions  of  the  scapula  is  inadvisable  for  two  reasons:    Cavities 
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can  be  obliterated  without  it:    and  with  it  associated  marked 
limitations  in  the  movements  of  the  shoulder-joint. 


Fig.  175. — Operation  for  obliteration  of  a  chronic  empyema  cavity  by  the  infolding  of  two  lateral 
flaps  produced  by  an  inverted  T-shaped  incision  througn  skin,  fat,  and  muscle.  First  step:  Cavity 
being  unroofed  by  the  subperiosteal  resection  of  ribs. 

Figs.  170-174  illustrate  the  several  steps  in  operation,  which 
I  have  performed  with  satisfaction.  It  is  designed  to  combine 
the  eflFects  of  the  Schede  type  of  osteoplasty  with  the  added 
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filling  tendencies  of  muscle  implantation.  Reference  has  been  made 
above  to  the  unwillingness  of  the  restored  skin  and  muscle-flap 
in  the  Schede  operation  to  slump  into  the  unroofed  cavity.  It 
tends  rather  to  bridge  it.  In  Fig.  173  the  Schede  flap  is  turned  up- 
ward, exposing  the  section  of  the  latissimus  dorsi  muscle  which 
forms  its  inner  surface.  The  muscle  has  been  split:  one-half  has 
been  sutured  into  the  base  and  upper  portion  of  the  cavity;  the 
other  half  remains  in  situ  and  will  next  be  separated  from  the  fat 
layer  of  the  flap,  and  likewise  sutured  to  the  floor  of  the  cavity. 
If,  now,  the  skin-and-fat-flap  should  be  stitched  down  in  place,  it 
might  again  bridge  as  a  tight  membrane,  leaving  a  new  space  be- 
tween it  and  the  implanted  muscle.  This  skin-and-fat-flap  then  is 
divided  vertically.  A  triangular  piece  of  the  flap  is  removed  from 
the  curved  edge  (Fig,  169).  The  U-shaped  flap  is  thus  converted 
into  two  lateral  ones.  The  newly  incised  edges  can  slump  toward 
the  depressed  muscle,  to  which  they  will  again  become  adherent. 
Through  the  triangular  wound  the  muscle  surface  and  the  unfilled 
lower  portion  of  the  cavity  are  accessible  for  cleaning,  packing, 
and  stimulation. 

Let  there  be  no  misrepresentations  regarding  this  method;  it 
likewise  has  its  limitations  and  discrepancies.  The  U-shaped  flap, 
even  when  cut  to  include  a  long  tongue  of  the  latissimus,  yet  con- 
tains too  little  muscle  to  fill  cavities  of  more  than  moderate  size. 
In  fact,  the  muscle  flap  may  be  said  never  completely  to  fill:  it 
merely  occupies  a  greater  portion  of  the  cavity;  there  must  be 
suflScient  space  around  it  for  drainage  of  the  temporarily  persisting 
cavity  secretions.  From  the  nature  of  the  discharge  a  few^  days 
after  operation,  it  may  be  presumed  that  the  buried  tip  of  the  flap 
is  ill  nourished  and  partially  sloughs.  Nevertheless,  much  has  been 
accomplished  in  filling,  and  at  least  two  new  muscle  surfaces  have 
been  provided,  which,  unlike  the  pleura,  will  generously  granulate 
and  further  hasten  the  obliteration  of  the  cavity. 

Yet  one  more  scheme  of  operative  treatment  I  mention  because 
of  its  particular  usefulness  in  certain  instances.  It  was  suggested 
by  the  observation  of  a  small  empyema  cavity — the  persisting  por- 
tion of  a  huge  cavity  which  had  been  subjected  to  several  obliterat- 
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ing  operations  of  different  types.  The  stitches  of  the  skin-flap 
had  been  removed  prematurely  after  operation,  permitting  retrac- 
tion of  the  flap  with  complete  exposure  of  the  small  cavity  lying 
beneath.    The  pleural  lining  was  at  first  gray  and  slimy,  the  secre- 


Fig.  176. — A,  The  infolding  of  two  lateral  flajM.  Ribs,  intercostal  tiuue,  and  parietal  pleura  have 
been  removed.  Flaps  sutured  to  lateral  wall  of  cavity.  Cavity  exposed  for  packing  and  stimulation 
of  granulations  and  epithelial  growth.  Cavity  also  accessible  for  slcin-grafting.  B,  To  illustrate  in- 
verted T-shaped  incision  producing  lateral  flaps. 


tion  abundant  and  purulent.  It  was  a  most  convenient  wound  to 
dress;  a  small  gauze  packed  into  the  cavity  was  self-retaining. 
Eventually  the  leathery,  unhealthy  pleural  surface  acquired  a 
granular,  reddish  covering;  the  secretions  diminished;  the  patient 
improved.    Balsam  of  Peru  was  added  as  a  stimulant  to  granula- 
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tion.  The  epithelium  of  the  skin  bordering  the  edge  of  the  cavity 
was  rapidly  replacing  the  new  granulations;  the  cavity  was  being 
skin  lined — not  obliterated.  A  local  depression  in  the  chest  was 
present,  but  complete  healing  was  prompt,  the  patient  having  been 
particularly  free  from  evidences  of  absorption  during  his  convales- 
cence. 

In  two  subsequent  cases  larger  cavities  were  intentionally  left 
entirely  uncovered.  One  was  at  first  doubtful  as  to  the  safety  of 
such  exposure.    Again  in  each  instance  the  gray  pleura  took  on  a 


Fig.  177. — Muscle  implantation.    Cavity  of  moderate  size.  Wound  healed  except  over  small  frnmuUt- 
ing  area  representing  remains  of  excised  triangular  segment  of  flaps.     (See  Fig.  174. ) 

thin  growth  of  granulations,  which  might  even  have  been  skin 
grafted  in  addition  to  the  epithelialization  of  the  borders. 

From  these  observations  an  operation  was  performed  on  three 
later  cases,  such  as  are  described  in  Figs.  175  and  176.  They  were 
high  anterior  cavities  in  which  the  clavicle  and  first  rib  restricted 
shrinkage  and  obstructed  filling.  A  vertical  incision  was  made, 
across  the  lower  end  of  which  a  shorter  curved  cut  was  added.  The 
wound  was  thus  inverted  T-shaped  (Fig.  176,  B).  The  two  lateral 
flaps  were  then  dissected  from  the  chest-wall.  The  entire  cavity  was 
then  unroofed  of  ribs,  as  in  the  Schede  operation  (Fig.  175).   The 
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lateral  flaps  were  laid  over  the  rib  ends  in  the  fashion  of  the  patholo- 
gist who  would  protect  his  rubber  gloves  from  lacerations  during 
postmortem  examination  of  the  thorax.  Interrupted  silkworm 
sutures  were  placed  to  approximate  the  skin-edges  to  the  depths 
of  the  lateral  walls. 

It  is  quite  obvious  that  the  innumerable  failures  in  the  treat- 
ment of  chronic  empyema  are  not  attributable  to  a  paucity  of 
methods.  They  are  more  probably  due  to  an  inaccurate  conception 
of  the  type  of  cavity  to  be  obliterated  in  a  given  case;  to  the  choice 


Fig.  178, — Operation  by  method  of  infolding  Fig.  179. — Large  lateral  cavity  obliterated  in 

lateral  flaps.  (See  Figs.  175  and  176.)  Cavity  ex-  seven  months  by  three  operations  of  Schede  type, 
posed  for  stimulation  and  grafting.  Note  elevation  of  shoulder  and  lack  of  extreme 

deformity. 

of  some  one  method  ill  adapted  to  the  obliteration  of  a  particular 
cavity;  to  lack  of  pertinacious  persistency  in  executing  the  several 
stages  of  the  several  methods. 

The  obliteration  of  a  chronic  empyema  cavity  is  a  problem  in 
mechanics.  The  equipment  of  many  surgeons  consists  solely  in  a 
knowledge  of  the  technic  of  some  one  of  the  standard  operations. 
Such  is  inadequate  for  the  proper  handling  of  these  cases.  A  dis- 
criminate combination  of  the  more  effective  features  of  several 
or  all  the  types  of  surgical  treatment  effects  most  often  a  cure.  For 
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example,  given  a  cavity  of  the  type  illustrated  in  Fig.  156:  The  cav- 
ity is  first  carefully  outlined  with  the  aid  of  the  probe,  the  barium- 
soaked  bandage  pack,  and  stereoscopic  radiography.  A  decortica- 
tion operation  is  planned  and  executed.  In  the  fourth  week  of 
convalescence  the  cavity  is  again  outlined.  The  lung  is  found  to 
have  retracted  again,  not  to  its  original  position,  but  to  a  disap- 
pointing degree.  Two  months  are  properly  allowed  to  elapse  to 
permit  the  normal  shrinkage  of  tissues  and  to  restore  the  patient 
to  suitable  resistance.  An  Estlander  or  Wilms  operation  is  then 
made,  to  flatten  the  convexity  of  the  ribs  and  to  further  shrinkage. 
Three  or  four  months  later  the  cavity  is  shown  to  spread  over  a 
smaller  thoracic  area;  it  is  narrower  and  deep  only  in  its  central 
portion.  A  local  filling  method  is  chosen— perhaps  of  the  Schede 
type,  or  the  latter  combined  with  a  muscle  implantation — or  with 
a  skin  lining  procedure.  A  due  interval  is  again  permitted,  after 
which  the  degree  of  obliteration  is  determined.  The  barium  pack 
may  now  outline  a  tube-shaped  cavity  of  not  more  than  three  or 
four  ounce  capacity  (Fig.  169).  Such  a  cavity  might  persist  for 
months;  it  is,  therefore,  injected  with  Beck's  paste.  Sterilization 
of  the  space  occurs;  the  skin  closes;  nature  may  then  be  expected 
to  complete  the  obliteration  without  incident. 

By  such  a  sequence  of  therapy  a  large  chronic  empyema  cavity 
may  be  cured  within  twelve  or  fourteen  months.  No  operation  has 
been  of  a  dangerous  magnitude  because  a  surgeon  conversant  in 
the  methods  at  his  disposal  realizes  the  necessity  of  the  several 
stage  campaign  and  willingly  closes  each  stage  at  the  moment  which 
is  consistent  with  the  prompt  recuperation  of  the  patient. 


NON-STRANGULATED  DIAPHRAGMATIC  HER- 
NIA DUE  TO  INDIRECT  INJURY  * 


DONALD    C.    BALFOUR 


Traumatic  diaphragmatic  hernia,  though  not  exceedingly  rare, 
is  always  a  surgical  curiosity.  The  condition  presents  features  of 
interest,  as  well  as  problems  of  considerable  perplexity,  since  the 
successful  repair  of  the  injury  may  often  be  associated  with 
bafBing  technical  diflSculties.  Many  of  the  large  number  of  cases 
w^hich  have  been  described  in  the  literature  were  found  either  at 
autopsy  or  w^hen  operating  in  an  emergency,  immediately  after  the 
injury  or  later,  for  strangulation. 

Reports  of  the  radical  cure  of  chronic  non-strangulated  dia- 
phragmatic hernia  of  the  traumatic  type  are,  however,  surprisingly 
few,  and  particularly  rare  are  cases  in  w^hich  the  abdominal  route 
has  been  used.  Binnie,^  in  1914,  stated  that  two  cases  only  of  the 
radical  cure  of  strangulated  diaphragmatic  hernia  were  on  record. 
These  were  both  repaired  through  the  thorax.  McGuire^  has  had 
two  typical  cases.  He  used  the  transthoracic  operation  and  thinks 
highly  of  it.  I  have  recently  had  the  opportunity  to  observe  and 
then  to  operate  by  the  abdominal  route  on  a  hernia  of  this  type, 
and  certain  points  noted,  particularly  in  reference  to  the  diagnosis 
and  operative  treatment,  seem  of  sufficient  value  to  be  placed  on 
record  and  to  warrant  a  description  of  the  case.f 

The  patient  (136,932)  was  a  railroad  conductor,  forty-seven 
years  of  age,  who  dated  all  the  symptoms  of  which  he  complained 
from  a  railroad  accident  four  years  ago*  (August,  1911),  when  he 

*  Submitted  for  publication  October  4,  1915.  Reprinted  from  Annals  of  Sur- 
gery, 1910,  Ixiii,  78-8«. 

t  Dr.  Crispin  diagnosed  the  case  and  furnished  the  records  for  the  history. 
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was  crushed  under  logs  falling  from  a  car.  The  severity  of  the 
injury  may  be  judged  from  the  fact  that  he  was  unconscious  for 
six  days,  with  loss  of  bladder  control  for  twenty  days. 

The  patient's  subjective  symptoms  were  briefly  as  follows:  Fol- 
lowing the  accident  and  the  return  of  consciousness  he  began  to 
suffer  greatly  from  gastric  distress,  which  continued  unabated  and 
with  spells  of  exacerbation  up  to  the  time  of  our  examination.  The 
distress,  which  was  characterized  as  burning  and  crowding  pain. 
at  times  increasing  to  a  colic,  began  in  the  epigastrium,  and  radiated 
toward  the  left  and  into  the  left  chest.  It  came  on,  as  a  rule, 
about  two  hours  after  meals  and  often  lasted  from  twelve  to 
twenty-four  hours.  The  first  solid  meal  he  ate,  one  month  after 
the  injury,  "nearly  killed  him."  Since  the  accident  he  has  not 
been  able  to  eat  heavy  food,  and  he  has  never  obtained  relief  from 
any  kind  of  diet,  ingestion  of  food  always  aggravating  the  symp- 
toms. There  was  a  marked  dyspnea  for  many  days  following  the 
injury,  and  he  was  not  able  to  lie  down  in  bed.  Gradually  this 
became  less  evident.  He  was  frequently  aware  of  gurgling  and 
rumbling  in  the  left  chest.  Strong  cathartics  were  continually 
necessary,  and  free  evacuations  were  foUowed  by  temporary  ease 
of  abdominal  distress. 

Physical  examination  of  the  chest  disclosed  several  very  in- 
teresting facts.  The  heart  was  displaced  to  the  right,  lying  more 
or  less  in  a  median  position.  The  auscultatory  signs  over  the  left 
chest  suggested  the  diagnosis.  Under  forced  respiration  splash- 
ing sounds  of  fluid  and  air  were  heard  as  high  as  the  left  nipple 
to  the  left  and  above  the  apex.  There  appeared  to  be  good  ex- 
pansion in  the  left  upper  chest,  and  the  breath-sounds  were  not 
greatly  impaired.  An  area  of  tympany  existed  back  of  the  pos- 
terior axillary  line  and  reached  up  to  the  scapula.  The  physical 
signs  showed  considerable  variation  under  different  postures;  for 
example,  when  the  patient  was  put  in  an  exaggerated  knee-chest 
position,  the  breath-sounds  in  the  left  chest  became  markedly 
suppressed  and  the  percussion-note  lacked  the  resonance  of  the 
right  side.  When  he  was  in  a  sitting  position,  tympany  disap- 
peared. Litten's  sign  on  the  right  side  was  well  marked  and 
definite;  on  the  left  side,  however,  it  was  absent,  and  in  its  stead 
there  was  an  upward  filling  of  the  fourth  and  fifth  intercostal 
spaces  anteriorly  from  the  left  sternal  margin  to  the  nipple-line. 

Fluoroscopic  examination  showed  the  left  diaphragm  at  about 
the  fifth  space  or  sixth  rib.  Gas-bubble  in  the  stomach  reached 
to  the  fourth  rib.     The  left  diaphragm  did  not  reverse  with  respira- 
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tion,  but  action  was  greatly  delayed  in  the  usual  direction.  The 
roentgenogram,  after  using  bismuth  in  both  stomach  and  bowel, 
showed  the  stomach  to  lie  high  in  the  left  chest;   it  was  distorted 


Fig.  180.— Stomach  in  the  left  chest. 


and  partly  rotated.  The  colon  occupied  the  upper  part  of  the  left 
thoracic  cavity,  the  splenic  flexure  rising  above  the  level  of  the 
sternoclavicular  union  (Figs.  180  and  181). 


Fig.  181— Colon  in  left  chat. 
648 
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In  1912  Giffin^  made  an  extensive  review  of  the  literature  and 
presented  the  detailed  history  of  a  patient  examined  and  operated 
on  by  W.  J.  Mayo.  He  called  attention  to  the  important  points  of 
differential  diagnosis.  One  of  the  most  difficult  differentiations  is 
between  traumatic  diaphragmatic  hernia  due  to  indirect  injury 
and  elevation  of  the  diaphragm  (eventration).  This  depends  largely 
on  the  roentgenologic  findings.  The  most  important  evidences 
in  favor  of  hernia  are :  (1)  A  destruction  of  the  definite  dome-shape, 
which  is  characteristic  of  the  normal  line  of  the  diaphragm;  (2) 
the  appearance  of  lung  tissue  through  the  gas-bubble  in  the  left 
chest;  and  (3)  the  demonstration  of  bismuth  in  the  colon  above 
the  level  of  the  bow-line  in  the  chest.  The  findings  in  my  case 
corroborate  GiflSn's  statement  as  to  the  importance  of  the  position 
of  the  colon  with  reference  to  the  level  of  the  bow-line  in  the  chest. 
This  point  has  not  been  emphasized  in  the  literature,  but  the  find- 
ing in  my  case  left  no  doubt  that  the  condition  was  due  to  dia- 
phragmatic rupture  rather  than  to  elevation  of  the  diaphragm. 

Operation  (August  7,  1915). — Performed  under  intratracheal 
ether  anesthesia  (Robinson  method  and  apparatus^)  with  the  pa- 
tient in  a  moderate  reversed  Trendelenburg  position.  The  Be  van 
incision  was  made  at  the  outer  border  of  the  left  rectus,  and  con- 
tinued up  to  and  along  the  left  costal  margin  toward  the  midline, 
an  incision  similar  to  that  used  in  performing  splenectomy.  It  was 
immediately  evident  that  several  feet  of  jejunum  had  entered  the 
left  chest.  This  was  femoved,  and  it  was  then  possible  to  intro- 
duce a  hand  in  front  of  the  colon  and  stomach  and,  by  careful 
traction  on  these  viscera,  with  the  aid  of  the  hand  in  the  thoracic 
ca\nty,  all  the  displaced  abdominal  organs  except  the  spleen  were 
evacuated.  This  was  not  easily  accomplished,  since  with  each 
inspiration  the  organs  were  sucked  back  into  the  chest  with  the 
most  surprising  force  and  rapidity.  Adhesions  complicated  the 
removal  of  the  spleen,  and  it  was  the  last  organ  to  be  replaced. 
No  serious  damage  was  inflicted,  however,  the  two  superficial 
lacerations  being  later  repaired  by  catgut  sutures.  Having  suc- 
ceeded in  replacing  the  various  organs  in  the  abdominal  cavity, 
long  retaining  packs  were  introduced,  and  with  the  aid  of  the 
spread-out  hands  of  an  assistant  the  stomach,  colon,  and  spleen 
were  prevented,  with  considerable  diflBculty,  from  being  sucked 
back  into  the  thoracic  cavity. 
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An  opportunity  to  view  the  defect  in  the  diaphragm  was  then 
afforded  for  the  first  time.  The  opening  occupied  the  central 
part  of  the  left  half  of  the  diaphragm;  it  was  roughly  circular  in 
outline,  with  its  greatest  diameter  anteroposterior  and  the  average 
diameter  about  seven  inches.  The  edges  of  the  opening  were 
thickened  and  rounded,  and  appeared  as  if  they  would  lend  them- 
selves to  direct  apposition  without  the  necessity  of  "freshening" 
the  edges. 

The  method  of  closing  the  defect,  while  simple,  is  perhaps 
deserving  of  particular  reference,  as  it  undoubtedly  facilitated  a 
satisfactory  closure.  A  long  strand  of  double  No.  2  twenty-day 
chromicized  catgut  was  used.  The  suturing  began  at  the  anterior 
part  of  the  opening,  this  being  the  most  accessible  part  of  the 
defect;  the  edges  of  the 'opening  were  approximated  by  the  run- 
ning suture,  aided  by  traction  forceps  placed  at  suitable  points 
beyond  the  margins  (Fig.  182,  A).  The  suturing  was  continued 
until  about  two-thirds  of  the  opening  was  closed,  when  it  was 
found  that  the  remaining  posterior  one-third  of  the  defect,  which 
was  the  most  diflScult  of  access,  could  be  best  obliterated  by  pick- 
ing up  the  most  distant  edge  of  the  opening  and  the  closure  con- 
tinued on  a  line  at  right  angles  to  the  first  part  of  the  closure 
(Fig.  182,  B).  This  permitted  not  only  complete  apposition  of  the 
margins  of  the  opening  with  a  moderate  amount  of  tension,  but 
also  a  certain  amount  of  overlapping.  Interrupted  reinforcing 
sutures  of  doubled  fine  silk  were  now  used  to  protect  the  continu- 
ous line  of  absorbable  suture  material. 

More  careful  examination  of  the  stomach  showed  the  presence 
of  two  ulcers,  the  larger  one  on  the  lesser  curvature,  IJ^  inches 
from  the  pylorus,  forming  a  suspiciously  hard  mass  the  size  of  a 
walnut;  the  second,  at  the  outlet  of  the  stomach,  on  the  posterior 
wall,  and  seemingly  causing  slight  obstruction. 

The  etiologic  factors  of  the  gastric  lesion  are  problematic,  but 
it  is  very  suggestive  that  all  this  patient's  gastric  trouble  dated 
from  the  time  of  his  inju^J^  and  it  is  more  than  possible  that  the 
new  position  of  the  stomach  in  the  chest,  with  the  attendant  un- 
usual tension,  thus  rotating  the  stomach  in  such  a  way  that  the 
lesser  curvature  impinged  on  the  margins  of  the  opening,  may 
have  been  the  real  factors  in  the  production  of  the  ulcers.  It  will 
be  very  interesting,  therefore,  to  follow  the  future  history  of  this 
patient  to  determine  whether  the  replacement  of  the  stomach  to 
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Fig.  182. — A,  Defect  in  diaphra^rm  exposed.     Continuous  suture  of  double  chromic  c«t^t  begun. 
B.  Method  of  piclong  up  the  posterior  margin  of  diaphragmatic  opening. 
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its  normal  position  will  be  followed  by  relief  of  the  gastric  symp- 
toms. 

From  the  surgical  standpoint  the  choice  of  the  route  used  to 
gain  access  to  the  damaged  diaphragm  lies  between  the  thoracic, 
the  abdominal,  or  both.  Many  surgeons  have  advocated  the 
transthoracic  operation,  but  in  previous  cases  from  our  clinic  re- 
ported by  Beckman^  the  abdominal  route  seemed  to  be  indicated. 
It  was  particularly  satisfactory  in  the  above  cases.     Advantages 


Fig.  183. — Roentgenogram  of  stomach  following  operation. 

may  be  claimed  for  each  method,  and,  while  in  certain  of  the  non- 
strangulated  chronic  types  of  diaphragmatic  hernia  the  thoracic 
route  may  be  advisable,  inasmuch  as  complications  may  call  for 
the  abdominal  route,  it  is  well  to  be  familiar  with  the  method. 
While  Binnie's  *  excellent  statistics  show  a  much  higher  mortality 
by  the  abdominal  route,  it  should  be  remembered  that  his  figures 
were  based  on  emergency  cases,  and  that  in  this  group  of  acute 
cases  (stabbing  injuries,  gunshot  wounds,  etc.)  the  very  urgency 
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may  be  due  to  the  serious  damage  of  abdominal  viscera,  with 
the  necessity  for  the  abdominal  route  in  these  more  critical  cases. 
The  patient  in  this  case  was  ready  to  go  home  three  weeks  after 
operation,  when  he  developed  a  subacute  intestinal  obstruction 
and  an  emergency  operation  was  done.  A  loop  of  small  intestine 
was  found  adherent  to  the  original  incision.  Separation  of  this 
was  followed  by  relief  of  symptoms  and  good  recovery.  Thus  far 
there  has  been  no  recurrence  of  gastric  distress.     Before  he  left 


Fig.  184. — Colon  following  operation. 

the  clinic  a  careful  record  was  made  of  the  physical  findings,  which 
showed  that  the  lung  was  rapidly  expanding  and  the  heart  assum- 
ing its  normal  position.  Roentgen  examination  of  the  stomach  and 
colon  showed  them  in  their  normal  positions  (Figs.  183  and  184). 
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DESMOID  TUMORS:  REPORT  OF  TWO  CASES 
IN  WHICH  THE  TUMOR  OCCURRED  IN  THE 
OPERATIVE  SCARS  * 
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Benign  tumors  due  to  the  circumscribed  overgrowth  of  nor- 
mal tissue,  such  as  the  lipoma,  fibroma,  myoma,  chondroma,  and 
osteoma,  are  common.  Probably  the  most  frequently  seen  are 
those  composed  of  connective  tissue,  the  fibromas. 

A  well-defined  and  interesting  group  of  these  connective-tissue 
tumors  occur  in  the  abdominal  wall.  To  these  Mueller,  in  1838, 
applied  the  term  "desmoid,"  as  designating  not  only  the  gross 
appearance  of  the  oval-shaped  enlargement,  but  also  the  char- 
acteristic arrangement  of  its  fibers  into  bundles. 

That  desmoid  tumors  are  not  rare  is  indicated  by  the  paper  of 
Pfiefer  in  1904,  he  at  that  time  having  collected  more  than  400 
cases.  Many  wTiters,  e,  g,,  Morrison,  Drummond,  Lockwood, 
Powers,  etc.,  include,  in  reporting  their  cases,  the  malignant  neo- 
plasms, of  which  the  sarcomas  are  the  most  common,  with  the 
benign  fibroid  type.  Whether  all  isolated  new-growths,  benign  or 
malignant,  in  the  abdominal  wall  should  be  classified  as  desmoid  is 
open  to  question.  The  series  in  our  clinic  which  I  have  reviewed 
have  all  been  of  the  benign  type,  and  I  shall  not,  therefore,  consider 
the  primary  malignant  tumors  of  the  abdominal  wall. 

A  few  facts  concerning  desmoids  may  be  noted  as  follows:  They 
occur  most  frequently  in  women  in  the  ratio  of  7  : 1.  The  average 
age  of  patients  is  thirty-four.  The  tumors  are  always  in  the 
anterior  or  lateral  abdominal  wall,  and  although  they  may  occur 

*  Read  before  the  Chicago  and  Northwestern  Surgical  Association,  December 
10, 1915.    Reprinted  from  the  Railway  Surg.  Jour.,  1916,  xxii. 
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in  any  part  of  it,  in  43  per  cent,  of  the  eases  they  are  associated  with 
the  rectus  muscle  or  its  sheath,  particularly  the  posterior  part. 
Their  relative  frequency  following  repeated  pregnancies  is  un- 


Fig.  185. — Gross  specimen,  desmoid  tumor. 


questioned.     In  this  connection  fibromas  of  the  round  ligament 

have  been  reported  and  classified  by  certain  writers  as  desmoids. 

The  tumors  are  usually  small,  but  they  may  become  as  large  as 
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the  head  of  an  adult.  The  surface  is  smooth  unless  the  tumor  has 
reached  great  size,  when  it  is  occasionally  lobulated  (Fig.  185) .  All 
conform  more  or  less  to  an  ovoid  shape,  the  long  diameter  being 
parallel  to  the  fibers  of  the  muscle.  The  cut  surface  of  the  typical 
desmoid  presents  a  wavy,  glistening  white  surface  of  fibers  in- 
timately interwoven  and  arranged  in  bundles.  Microscopic  sec- 
tions show  a  solid,  fibrous  connective-tissue  overgrowth  (Fig.  186). 
As  in  other  fibromas,  the  blood-supply,  as  a  rule,  is  poor,  so  that 


Fig.  186, — Microscopic  section,  6brous  connective-tissue  overgrowth. 

necrosis  may  occur.     This  condition  was  observed  in  one  of  the 
series. 

The  etiology  of  desmoids  is  obscure.  Traumatism  coincident 
to  the  repeated  stretching  of  the  abdominal  wall  is  the  most 
acceptable  explanation  for  their  relatively  frequent  occurrence  in 
women  who  have  borne  children.  There  must  be,  however,  a 
predisposition  on  the  part  of  the  person  toward  overgrowth  of 
connective  tissue,  which,  possibly  prompted  by  a  local  injury, 
tends  to  its  proliferation.  Such  a  predisposition  is  unusual,  how- 
ever, just  as  is  the  tendency  to  keloid  formation  in  operative  scars. 
'15— 4« 
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Seven  cases  have  been  collected  from  our  clinic.  In  two  of  this 
group  typical  desmoids  developed  in  close  relationship  to  an  ab- 
dominal incision,  and  to  these  I  wish  to  draw  particular  attention. 

Case  29,486. — Miss  E.  K.,  aged  forty-four  years.  In  1900 
the  patient  had  a  cholecystostomy  in  our  clinic  for  chronic 
cholecystitis,  and  an  appendectomy  for  chronic  adherent  appen- 
dicitis. The  incision  was  made  through  the  upper  right  rec- 
tus. The  patient  made  a  satisfactory  recovery  and  was  re- 
lieved of  her  symptoms.  About  a  year  after  the  operation  a  small 
ridge  was  noticed  in  the  scar.  This  increased  in  size  steadily  until, 
within  six  months  previous  to  her  second  operation,  it  had  become 
quite  a  noticeable  tumor.  The  patient  said  there  was  slight  tender- 
ness in  the  mass,  especially  in  certain  postures.  Exploration  and 
removal  of  the  mass  on  March  25,  1915,  showed  it  to  be  a  desmoid 
tumor,  involving  the  muscles  immediately  below  and  to  the  outer 
side  of  the  incision. 

Case  72,024.— Mr.  C.  H.  T.,  aged  forty-four  years.  In 
1912  a  posterior  gastro-enterostomy  was  done  on  this  patient 
for  a  large  indurated  duodenal  ulcer.  He  recovered  uneventfully 
from  the  operation,  and  had  no  subsequent  digestive  difficulties. 
In  January,  1915,  he  noticed  for  the  first  time  an  induration  im- 
mediately to  the  right  of  the  incision.  This  did  not  cause  any 
particular  distress,  but  since  it  was  growing  perceptibly  larger,  an 
investigation  seemed  advisable.  It  was  found  to  be  a  typical 
desmoid  of  the  right  rectus,  lying  just  outside  the  incision,  but  not 
involving  the  scar.  About  two  and  one-half  inches  of  the  upper 
right  rectus  were  involved  and  excised  with  the  tumor. 

Standing  alone,  such  a  sequel  suggests  that  the  incision  was  the 
main  factor  in  the  production  of  the  new-growth.  But  not  only 
are  these  the  only  cases  we  have  observed  in  this  clinic,  they  are 
also,  as  far  as  I  am  aware,  the  only  ones  reported.  The  great 
rarity  of  such  a  sequel  renders  a  satisfactory  explanation  difficult. 
That  such  an  occurrence  is  the  result  of  an  unusual  individual 
tendency  toward  connective-tissue  proliferation,  associated  with 
the  local  injury,  is  probable,  but  not  certain. 

The  r6le  of  an  injury,  if  it  be  an  etiologic  factor,  is  problematic. 
A  small  rupture  or  split  of  the  muscle  or  sheath  could,  in  the  proc- 
ess of  natiu^'s  effort  to  repair  the  defect,  serve  as  a  focus  for  the 
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further  infiltration  of  connective-tissue  cells,  and  finally  tumor 
formation. 

A  positive  diagnosis  of  these  cannot  always  be  made.  In  some 
instances  it  is  even  difficult  to  determine  whether  or  not  they  are 
intra-abdominal,  and  they  have  been  mistaken  for  a  distended  gall- 
bladder, pyloric  tumor,  pelvic  tumor,  and  an  appendiceal  abscess. 
In  one  of  our  cases,  in  which  a  large  mass  existed  in  the  left  hypo- 
chondrium,  the  enlargement  was  thought  to  be  splenic.  However, 
first  bearing  in  mind  the  possibility  of  such  growths,  mistakes  in 
diagnosis  will  be  less  frequent.  Their  somewhat  characteristic 
shape,  their  fixity  in  the  same  direction,  and  their  mobility  across 
the  fibers  of  the  muscles  or  aponeurosis,  their  palpability  when 
the  abdominal  wall  is  made  rigid,  and  the  absence  of  tenderness, 
are  all  important  points  to  be  noted.  When  it  has  been  determined 
that  the  tumor  is  in  the  abdominal  wall,  malignancy,  either  primary 
or  metastatic,  abscess  or  hematoma,  must,  if  possible,  be  ruled  out. 

Indications  are  clear  for  the  surgical  treatment  of  these  tumors. 
Wide  excision,  which  may  occasionally  necessitate  the  sacrifice  of 
muscle  and  aponeurosis,  to  an  extent  requiring  plastic  closure,  is 
important.  Richardson  reported  a  case  in  which  a  transplanta- 
tion of  fascia  lata  was  employed  to  repair  the  resulting  defect 
in  the  abdominal  wall.  A  certain  percentage  of  isolated  tumors 
of  the  abdominal  wall  are  malignant,  and  in  some  instances  the 
malignant  character  is  not  evident,  even  when  the  mass  is  exposed. 
Therefore  total  excision,  avoiding  incision  of  the  tumor,  is  of  first 
importance. 


VARICOSE  VEINS  * 

DONALD    C.    BALFOUR 


Varicose  veins  indicate  a  chronic  dilatation  of  the  veins,  the 
most  commonly  affected  of  which  are  the  hemorrhoidal,  the  sper- 
matic, and  the  long  saphenous.  I  shall  briefly  review  some  of  the 
important  features  of  the  condition  when  it  concerns  the  long 
saphenous,  and  present  statistical  evidence  of  the  results  of  surgical 
treatment. 

The  condition  usually  occurs  in  the  middle  decade  of  life,  al- 
though I  have  observed  several  patients  who  were  under  twenty- 
five  years  of  age.  The  ratio  of  male  and  female  in  this  series  is 
three  to  one. 

Pelvic  tumors,  diseases  of  the  heart,  and  operations  on  the 
extremities  (osteomyelitis,  fractures,  etc.)  were  predisposing  causes 
sufficiently  rare  in  this  series  to  require  mention  only.  Pregnancy 
was  an  unquestioned  causative  factor.  Occupation,  particularly 
when  it  necessitated  prolonged  erect  position  associated  with  hard 
labor,  was  by  far  the  most  apparent  etiologic  factor  in  the  greater 
number  of  our  cases.  Moreover,  the  anatomic  and  physiologic 
relationship  of  veins,  muscles,  and  fascia  in  the  lower  extremities  is 
also  important,  because,  mechanically,  they  offer  abundant  oppor- 
tunity for  exciting  causes  to  produce  pathologic  results.  If  such 
excitants,  particularly  occupation,  are  not  modified  or  some  treat- 
ment is  not  instituted,  the  initial  distention  of  the  veins  increases, 
and  becomes  permanent  with  the  destruction  of  the  action  of  the 
valves.  This  chronically  overfilled  condition  of  the  veins  pro- 
duces a  primary  hypertrophy  of  the  elastic  tissues  to  compensate 

•Read  before  the  Minnesota  State  Medical  Association,  September,  1915. 
Reprinted  from  the  Journal-Lancet,  1916,  xxzvi. 
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for  the  increased  pressure,  which  is  followed  by  atrophy,  dilata- 
tion, and  secondary  fibrous  changes  in  the  walls  of  the  veins. 

Variable  changes  of  the  skin  occur  in  practically  all  cases 
of  varicose  veins;  above  the  ankles  particularly  it  is  shiny,  and 
has  a  characteristic  thin,  pale,  translucent  appearance.  Later  it 
frequently  becomes  hard  and  has  a  tendency  to  adhere  to  the 
subcutaneous  connective  tissue,  and  the  chronic  hyperemia  sets 
up  a  pigmentation  which,  in  long-standing  cases,  becomes  dark 
red-brown  in  color.  The  skin  is  exceedingly  prone  to  become 
eczematous;  the  surface  varies  from  moist  to  the  dry,  scaly  type. 

The  frequent  association  of  chronic  ulcer  is  well  known.  In 
the  present  series  40  per  cent  of  the  patients  had  ulcers  on  one  or 
both  legs.  These  ulcers  occur  on  any  part  of  the  leg  below  the 
knee,  the  most  common  situation  being  on  the  inner  and  anterior 
aspect,  just  above  the  internal  malleolus.  The  chronic  congestion 
of  the  skin  and  subcutaneous  tissue  is  a  strong  predisposing  factor 
to  the  formation  of  the  ulcer;  and  a  slight  injury  may  be  sufficient 
to  produce  a  lesion  very  resistant  to  healthy  healing.  If  such 
ulcers  are  neglected,  as  so  often  observed  in  the  laborer,  they 
increase  to  a  great  size,  occasionally  almost  encircling  the  limb. 
They  are  also  subject  to  malignant  degeneration,  a  sequel  which  is, 
however,  seen  with  surprising  rarity.  Pain  associated  with  the 
varix  is  a  common  symptom.  This  may  be  marked,  even  in  cases 
in  which  the  varicosity  is  not  extreme. 

Selection  of  Cases  for  Operation. — The  large  percentage  of  pa- 
tients presenting  themselves  for  treatment  are  suitable  for  opera- 
tion, but,  nevertheless,  careful  selection  is  necessary.  With  few 
exceptions,  when  it  can  be  demonstrated  that  the  deeper  veins 
are  competent  to  return  all  the  venous  blood,  even  though  it  is  un- 
doubtedly true  they  are  involved  in  the  same  process  in  a  con- 
siderable percentage  of  cases,  the  removal  or  ligation  of  the  super- 
ficial veins  is  indicated.  The  simple  and  efficient  test  proposed  by 
C.  H.  Mayo  some  years  ago  is  of  great  value.  If  the  patient  can 
be  relieved,  or  made  fairly  comfortable  by  the  use  of  a  well-fitting 
elastic  stocking,  the  removal  of  the  superficial  veins  will  usually  be 
followed  by  good  results.     Further  indications  for  operation  are 
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chronic  ulceration,  neuralgia,  and  recurring  attacks  of  phlebitis 
with  thrombosis.  The  most  satisfactory  results  following  opera- 
tion have  been  in  cases  in  which  the  trunks  of  the  veins  stood  out 
prominently  and  the  stasis  was  well  marked,  while  failures  have 
occurred  when  operation  had  been  undertaken  in  cases  in  which  a 
general  phlebitis  had  inaugurated  a  permanent  edema,  with  little 
evident  enlargement  of  the  veins.  Among  undesirable  types  for 
operation  are  cases  following  typhoid,  and  those  associated  with 
great  dilatation  of  the  internal  and  external  saphenous  and  of  the 
suprapubic  veins. 

Preoperative  treatment  is  occasionally  advisable,  particularly 
if  there  is  extensive  ulceration,  or  in  cases  of  recent  phlebitis  where 
redness  and  pain,  marking  local  thrombosis,  still  exist  along  the 
course  of  the  vein.  If  such  patients  are  put  to  bed  for  a  few  days, 
with  elevation  of  the  feet,  the  post-operative  convalescence  will  be 
shortened  and  a  good  end-result  more  probable. 

Operation. — Many  procedures  have  been  devised  for  the 
surgical  treatment  of  varicose  veins.  They  vary  from  simple  liga- 
tion (Trendelenburg,^  1891)  to  tptal  excision  (Madelung,*  1884) 
or  to  anastomosis  between  the  saphenous  and  femoral  (Delbet,' 
1906).  The  procedure  advocated  by  Schede*  (1877),  namely, 
division  of  the  veins  between  ligatures,  is  still  probably  the  most 
valuable  when  the  vein  cannot  readily  be  removed. 

It  is  generally  accepted,  and  proved  by  results,  that  the  sub- 
cutaneous extirpation  of  the  long  saphenous  is  the  most  practical 
and  eflFectual  method  of  dealing  with  the  condition.  The  pro- 
cedure introduced  by  C.  H.  Mayo,**  in  1900,  of  stripping  the  vein 
by  means  of  a  metal  ring  on  a  carrier  about  12  or  14  inches  long,  has 
proved  a  boon  in  simplifying  the  operative  treatment  of  varicose 
veins.  Modifications  of  this  instrument,  namely,  that  of  Bab- 
cock,®  have  been  used  with  success.  The  stripper  may  be  tried  in 
all  cases.     The  operation  is  conducted  as  follows: 

The  long  saphenous  vein  is  isolated  and  divided  near  the 
saphenous  opening,  and  the  proximal  end  ligated.  The  distal  end 
is  then  mobilized  as  much  as  possible  by  means  of  a  long  artery  for- 
ceps of  the  Murphy  type,  and  the  ring  of  the  stripper  introduced 
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over  the  end  of  the  vein.  By  means  of  combined  gentle  traction  on 
the  vein  with  forceps,  moderate  forcing  of  the  instrument  along  its 
course,  and  with  the  skin  supported  by  the  spread-out  hands  of  an 
assistant,  being  particularly  careful  when  the  larger  branches  of  the 
saphenous  are  encountered,  it  is  possible  in  most  instances  to  strip 
the  vein  down  the  entire  length  of  the  instrument.  By  forcibly 
pressing  the  ring  outward  against  the  skin  and  incising  carefully 
on  it,  the  vein  can  be  picked  up  and  brought  out  through  the 
small  buttonhole  incision,  and  the  stripper  withdrawn  through  the 
first  incision.  The  vein  can  then  be  re-threaded  on  the  stripper, 
and  can  often  be  stripped  down  to  one  or  two  inches  below  the 
knee,  where,  however,  the  main  trunk  has  decreased  in  size  so  that 
the  stripping  process  cannot  be  continued  without  breaking  the 
vein  (Figs.  187,  188,  and  189). 

If,  as  occasionally  happens,  the  saphenous  breaks  high  up,  the 
stripper  is  discarded,  and  the  trunk  picked  up  through  a  small 
incision  in  the  lower  third  of  the  thigh,  and  there  ligated.  The 
further  procedure  in  either  instance  preferred  in  our  clinic  is  a 
partial  Schede  operation  for  the  ligation  of  the  veins  of  the  calf  of 
the  leg.  A  spiral  incision,  extending  from  a  point  close  to  the 
anterior  border  of  the  tibia,  continued  backward  and  downward  to 
a  point  about  the  middle  of  the  calf,  divides  all  the  main  branches 
of  the  long  saphenous  at  this  level,  and  gives  an  opportunity  to 
dissect  out  any  masses  of  thrombotic  or  greatly  dilated  veins,  with 
the  overlying  skin,  if  necessary.  Having  cut  these  veins  between 
forceps,  the  second  incision  is  made  about  three  inches  above  the 
internal  malleolus,  and  of  sufficient  length  to  pick  up  all  the  super- 
ficial venous  branches  in  that  vicinity. 

In  cases  complicated  by  ulcer  and  in  which  the  patient  has  not 
been  kept  in  bed  long  enough  for  the  ulcer  to  heal,  local  surgical 
treatment  is  indicated.  Ochsner's^  method,  a  series  of  short  in- 
cisions close  to  and  paralleling  the  margin  of  the  ulcer  and  encircling 
it,  is  most  valuable.  We  have  rarely  found  skin-grafting  neces- 
sary. 

Although  the  operative  treatment  of  varicose  veins  has  usually 
been  accepted  as  satisfactory,  it  seemed  worth  while  to  investigate 
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FIk.  189. — Subcutaneous  stripping  of  the  vein.     Tension  on  vessel  and  overlying  intei^umeBt. 
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the  ultimate  results,  as  it  is  not  uncommon  to  find,  on  careful 
investigation  in  various  other  surgical  procedures,  that  the  results 
are  not  quite  so  successful  as  had  been  supposed. 

The  data  for  this  report  on  the  results  of  the  operative  treat- 
ment of  varicose  veins  have  practically  all  been  obtained  by  corre- 
spondence with  the  patients.  The  figures  may  be  considered  con- 
servative, for  experience  has  shown  that  in  such  investigations  the 
patient  is  more  likely  to  exaggerate  minor  unrelieved  conditions 
and  to  minimize  major  benefits. 

Of  256  patients  operated  on  from  January  1,  1909,  to  January 
1,  1914,  letters  were  received  from  161;  thus  in  no  case  has  the 
lapse  of  time  since  operation  been  less  than  one  and  one-half 
years.  In  68  patients  the  condition  was  associated  with  varicose 
ulcer;  in  93  there  was  no  ulcer.  Thirty-nine  (57.4  per  cent.)  of 
the  68  patients  having  ulcer  were  cured,  that  is,  the  ulcer  had 
healed,  the  veins  had  disappeared,  there  was  no  swelling  of  the  feet, 
and  the  patients  were  able  to  carry  on  their  work  without  pain; 
16  (23.6  per  cent.)  reported  great  improvement,  the  ulcer  having 
healed  in  the  majority,  but  minor  complaint  of  occasional  swollen 
feet  after  a  long  day's  work,  or  of  some  aching  in  the  legs;  thus 
80  per  cent,  were  either  cured  or  improved.  In  13  (19  per  cent.) 
the  results  were  definitely  unsatisfactory.  The  ulcer  had  either 
failed  to  heal  or  there  had  been  periods  of  complete  healing,  then 
pain  and  swelling  sufficient  to  make  the  prolonged  erect  posture 
uncomfortable.  Elastic  bandages  kept  some  of  these  patients  in 
a  fair  degree  of  comfort,  but  the  operation  itself  had  failed. 

In  the  93  patients  without  ulcer  better  results  were  obtained; 
67  (72  per  cent.)  were  quite  cured,  16  (17  per  cent.)  were  im- 
proved, while  10  (11  per  cent.)  were  unsatisfactory,  so  that  in 
practically  90  per  cent,  of  this  group  the  results  were  good. 

The  causes  of  failures  in  the  series  may  have  been  due  in  part 
to  the  selection  of  cases,  incomplete  operation,  or  lack  of  care  in 
after-treatment.  A  serious  complication  occurring  with  some  fre- 
quency in  the  long-standing  cases  is  that  the  chronic  congestion  and 
disability  incident  to  ulcer  formation  undoubtedly  predispose  these 
patients  to  flat-foot,  and  the  breaking  down  of  the  plantar  arch  is 
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associated  with  the  familiar  pain  common  to  this  deformity.  The 
removal  of  varicose  veins  in  such  cases  may  be  successful  to  the 
extent  of  getting  rid  of  the  veins,  but  the  expected  relief  from  pain 
is,  of  course,  not  derived. 

There  were,  unfortunately,  two  deaths  in  this  series  from  pul- 
monary embolism,  the  danger  of  which  in  these  cases  has  perhaps 
been  unwisely  minimized.  This  0.7+  per  cent.,  though  small,  is 
not  negligible.  There  was  nothing  in  connection  with  the  opera- 
tion or  the  after-care  to  explain  the  accident  in  these  two  cases. 
One  patient  died  on  the  seventh  day,  before  he  had  been  out  of 
bed;  the  other  died  two  weeks  after  the  operation,  when  she  was 
about  to  leave  for  home  against  advice. 

The  operative  technic  and  the  post-operative  treatment  are  of 
importance.  The  incisions  are  covered  with  plain  gauze  held  by 
strips  of  adhesive,  and  the  limb,  including  the  ankle,  firmly  ban- 
daged. Slight  elevation  in  bed  is  advisable;  most  patients  are 
out  of  bed  on  the  eighth  day.  They  are  not  allowed  to  be  on  their 
feet  until  they  are  equipped  with  elastic  bandages,  which  they 
have  been  taught  to  apply.  These  are  used  according  to  the 
demands  of  the  individual  case,  from  six  weeks  to  six  months. 
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IV.  THE  TRANSPLANTATION  OF  BONE  IN  UN- 
UNITED FRACTURES  OF  THE  SHAFT  OF 
THE  HUMERUS  * 

MELVIN    S.    HENDERSON 


A  fracture  through  the  shaft  of  the  humerus  is  occasionally 
quite  troublesome  to  handle.  The  patient  is  able  to  be  about, 
which  makes  adequate  fixation  of  the  fracture  difficult;  this  is  the 
chief  cause  of  the  occasional  non-union. 

The  records  of  the  Boston  City  Hospital  from  May  24,  1864,  to 
December  31,  1905,  showed  a  total  of  38,627  fractures.  There 
were  3517  fractures  of  the  humerus  in  this  number,  t.  e.,  fractures  of 
the  humerus  formed  10.16  per  cent,  of  the  total.  The  radius  was 
the  only  bone  which  was  fractured  more  frequently. 

The  technic  developed  in  treating  10  cases  of  ununited  fractures 
of  the  shaft  of  the  humerus  by  transplantation  of  bone  seems 
worthy  of  presentation.  I  shall  not  consider  recent  fractures. 
The  operation  itself  is  only  a  part  of  the  treatment;  the  result 
which  should  follow  an  operation  properly  performed  as  to  mechani- 
cal principles  and  technic  is  not  obtained  if  the  after-care  and  re- 
tentive splint  are  omitted.  The  spica  type  of  plaster-of-Paris 
case  is  the  most  effective  fixation  for  these  fractures  and  can  be 
worn  comfortably  for  months  if  necessary. 

Non-union  of  any  bone  is,  comparatively  speaking,  very  rare. 
I  mean  if  the  word  "non-union"  is  limited  to  those  fractures  in 
which  there  is  no  evidence  of  union,  after  the  lapse  of  the  normal 
period  of  bone  repair.  In  the  Mayo  Clinic  the  tibia,  more  often 
than  any  other  bone,  has  been  operated  on  for  delayed  union. 

*  Submitted  for  publication  December  8,  1915.  Reprinted  from  Annals  of 
Surgery,  1916.  Ixiii,  464-472. 
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If  some  months  can  be  saved  for  the  patient  by  so  simple  a  pro- 
cedure as  that  of  the  sliding  inlay  ti^ansplant,^  when  the  facts  have 
been  presented,  he  will  usually  select  the  operation. 

Just  when  "delayed  union"  becomes  "non-union"  is  more  or 
less  arbitrary,  and  depends  largely  on  the  attitude  of  the  surgeon. 
Statistics  cannot  be  compiled  when  the  personal  equation  enters  so 
prominently  into  the  consideration.  On  examining  our  records, 
it  would  seem  as  though  a  pseudo-arthrosis  occurred  more  often 
in  the  humerus  and  femur  than  in  any  other  bones.  This  condi- 
tion undoubtedly  would  be  present  in  many  of  the  tibias  but  for 
the  fact  that  the  fibula  is  usually  intact  or,  if  fractured,  will  have 
united,  preventing  the  free  mobility  necessary  to  establish  a  false 
joint.  In  cases  where  both  the  fibula  and  the  tibia  were  ununited 
there  was  a  typical  flail  or  false  joint. 

Hamilton  2  has  stated  that  non-union  results  more  often  after 
fractures  of  the  shaft  of  the  humerus  than  after  fractures  of  the 
shaft  of  any  other  bone,  due  to  the  inadequate  fixation  provided 
both  at  the  primary  setting  and  during  the  convalescent  period. 
Because  we  have  operated  on  more  cases  of  delayed  union  in  the 
tibia  does  not  indicate  that  non-union  results  oftener  in  the  tibia 
than  other  long  bones.  Many  of  the  tibias  that  were  operated 
on  would  undoubtedly  have  united  after  more  protracted  conser- 
vative measures.  Usually  the  transplantation  of  bone  was  advised 
and  undertaken  merely  as  a  means  of  saving  time,  which  is  so  im- 
portant to  patients  in  the  active  period  of  life. 

The  cases  used  as  a  basis  for  this  report  were  all  old  fractures, 
and  in  all  the  primary  setting  of  the  fracture  had  been  done  else- 
where. We  have  as  yet  to  see  a  case  of  non-union  in  the  shaft  of 
a  long  bone  which  has  been  treated  in  our  clinic  from  the  time  of 
the  fracture.  This  is  the  experience  of  most  surgeons,  and  em- 
phasizes the  fact  that,  with  the  possible  exception  of  intracapsular 
fractures  of  the  neck  of  the  femur,  cases  of  non-union  are  rare. 
We  have  greatly  curtailed  the  use  of  metal  plates,  wire,  etc.,  and 
for  all  delayed  and  ununited  fractures,  bone  is  transplanted  when- 
ever feasible. 

Two  distinct  methods  are  used,  one  in  which  the  bone  is  used  as 
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an  intramedullary  plug  (Murphy'),  and  the  other,  the  inlay  method 
(Albee*).  Both  methods  have  their  merits,  but  the  inlay  appeals 
to  one  as  being  the  more  logical  procedure.  It  is  now  used  in 
nearly  all  our  work.  The  chief  difficulty  in  handling  these  frac- 
tures of  the  humerus  is  to  maintain  adequate  fixation  after  the 
bone  transplant  has  been  inserted.  To  put  in  the  transplant  and 
afterward  put  on  a  poor  retention-apparatus  is  a  useless  procedure 
in  the  majority  of  cases. 

Some  of  these  patients  present  themselves  with  musculospiral 
paralysis.  It  is  impossible  to  know  in  what  percentage  of  fractures 
of  the  humerus  this  condition  is  present.  Von  Bruns*  says  that  in 
73  cases  of  fractures  of  the  humerus  there  was  musculospiral  paraly- 
sis in  8.4  per  cent. 

Of  our  10  patients,  there  were  three  with  musculospiral  paraly- 
sis at  the  time  of  examination.  The  nerve  was  traced  in  two  of 
these  and  the  fibers  were  apparently  intact.  In  another  case 
paralysis  of  the  musculospiral  nerve  was  produced  by  excessive 
manipulation  and  traction  at  the  time  of  the  operation.  We  knew 
the  nerve  had  not  been  severed  and  a  good  prognosis  was  given, 
but  it  was  four  months  before  there  was  any  return  of  power  and 
more  than  a  year  from  the  time  of  operation  before  complete  func- 
tion was  restored. 

Technic, — ^A  few  days  before  the  operation  a  spica  plaster-of- 
Paris  cast  is  applied  to  the  shoulder  and  arm  of  the  fractured  side. 
This  gives  fixation  as  nearly  perfect  as  it  is  possible  to  obtain;  the 
cast  embracing  the  wrist,  elbow,  shoulder,  and  thorax.  Before 
putting  on  this  case,  a  dressing  is  placed  on  the  arm  about  the  size 
necessary  to  protect  the  wound  after  operation.  During  the  ap- 
plication the  wrist  is  held  in  mild  hyperextension,  so  that  it  will  be 
retained  in  this  position,  the  extensor  muscles  of  the  forearm  being 
thus  relaxed  and  not  stretched.  The  elbow  is  put  up  in  the  flexed 
position,  with  the  arm  rotated  inward,  so  that  the  forearm  rests  • 
across  the  front  of  the  body  (Fig.  190).  If  there  has  been  trauma 
to  the  musculospiral  nerve  and  consequent  paralysis,  the  muscles 
will  regain  their  power  more  quickly  on  the  restoration  of  a  path 
for  nerve  impulses,  than  if  the  muscles  are  allowed  to  remain 
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stretched.  After  the  plaster  has  hardened  sufficiently  to  allow 
cutting  with  a  sharp  knife,  the  cast  is  split  into  anterior  and  pos- 
terior halves,  which  can  be  readily  applied  and  held  in  place  by 
adhesive  strips  after  the  operation  is  completed.  This  method  is 
resorted  to,  since  it  is  rather  difficult  to  apply  a  good  plaster  spica 
to  the  shoulder  with  the  patient  asleep.  Fig.  190  shows  a  cast 
which  was  applied  two  weeks  after  operation,  and  was  worn  by  the 
patient  for  four  months. 


Fig.  190. — Spica  plaster-of-Pam  case. 


An  inlay  graft,  as  more  nearly  approaching  the  normal  ana- 
tomic condition,  is  to  be  preferred.  The  sliding  method  is  gene- 
rally not  practical,  since  in  order  to  obtain  a  piece  large  enough  very 
good  exposure  is  necessary  and  consequent  trauma  is  produced  to 
the  muscles  and  nerves.  The  graft  is  obtained  from  the  flat  internal 
surface^of  one  of  the  tibias,  preferably  by  the  circular  motor-pro- 
pelled saw.    It  should  be  long  enough  to  extend  well  into  the  sound 
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bone  of  the  ends  of  the  shaft.  A  graft  6  inches  long  by  H  i^ch 
wide  is  the  ordinary  size  desired.  A  transplant  that  is  too  small 
causes  more  failures  than  any  other  one  factor  in  bone-grafting  oper- 
ations. The  failures  in  our  cases  may  be  traced  to  two  causes — 
too  small  a  graft  and  inadequate  fixation  postoperatively  and 
during  convalescence.  To  hold  the  graft  in  the  trough  prepared 
for  it  double  strands  of  No.  2  chromic  catgut  or  single  strands  of 
kangaroo  tendon  are  used,  placing  them  around  the  humerus  by  aid 
of  a  ligature  carrier.  The  wound  is  closed  with  silkworm  and 
horsehair.  The  patient  is  placed  in  the  split  spica  cast,  which  is 
strapped  together  with  adhesive  plaster.  At  the  end  of  two  weeks 
the  stitches  are  removed  and  a  new  plaster-of-Paris  cast  applied. 
An  opening  is  left  over  the  wound  if  it  is  necessary  to  use  further 
dressings.    A  brief  history  of  each  case  is  given  herewith: 

Case  70,556  (X-ray  16,295).— J.  R.  B.,  male,  aged  twenty- 
eight,  examined  by  us  July  13,  1912,  was  complaining  of  non- 
union following  a  fracture  of  the  humerus.  One  year  prior  to  ex- 
amination a  fracture  had  been  sustained  of  the  middle  third  of 
the  left  humerus.  The  operation  was  performed  July  17,  1912,  and 
a  three-inch  plug  inserted  by  the  intramedullary  method.  A  Lane 
plate  was  applied,  and  a  retention  splint,  merely  extending  from  the 
elbow  to  the  shoulder,  was  used.  At  the  end  of  one  year  there  was 
no  union.  On  October  23,  1913,  a  second  operation  was  done,  the 
Lane  plate  removed,  an  inlay  graft  inserted,  and  a  plaster-of-Paris 
spica  applied.  A  mild  infection  occurred  and  persisted  until  De- 
cember, 1914,  when  the  transplant  was  removed  at  the  patient's 
home.  Union  was  firm  at  this  time,  and  the  discharge  from  the 
sinus  ceased  within  five  days. 

Following  the  first  operation  a  musculospiral  paralysis  devel- 
oped, due  to  excessive  traction  at  operation.  Since  it  was  certain 
that  the  nerve  had  not  been  severed,  a  good  prognosis  was  given, 
but  it  was  four  months  before  there  was  any  return  of  power  and 
one  year  before  there  was  complete  restoration. 

Case  50,611  (X-ray  11,299).^R.  W.,  male,  aged  sixty, 
was  examined  on  March  24,  1911,  four  months  after  the  fracture 
had  occurred.  There  was  no  union  at  this  time.  Lane's  plate  and 
an  ivory  intramedullary  plug  (C.  H.  Mayo*)  were  used,  with 
resulting  non-union  and  infection.  December  28,  1912,  the  metal 
plate  and  screws  were  removed  and  a  bone  plug  inserted  in  the 
'15— *s 
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medulla  in  spite  of  a  chronic  low-grade  infection.  Later  the  bone 
plug  was  thrown  out  because  of  the  infection,  and  the  patient  lost 
sight  of.  At  this  time  union  was  firmer  than  at  any  previous  time. 
This  history  calls  attention  to  the  fact  that  a  patient  sixty  years  of 
age  is  not  a  particularly  suitable  case  for  bone  transplantation. 

Case  90,547. — H.  L.  B.,  male,  aged  forty-six  years,  ex- 
amined August  22,  1913.  Eight  months  previously  he  had 
sustained  a  compound  fracture  of  the  humerus  and  the  elbow 
became  ankylosed.  August  25,  1913,  an  intramedullary  bone  plug 
was  introduced.  The  transplant  broke  in  two  months,  the  result 
of  poor  fixation.  No  plaster-of-Paris  spica  was  used,  and  the 
ankylosed  elbow  in  the  extended  position  made  it  very  diflScult  to 
control  the  arm.     This  patient  has  not  been  traced. 

Case  89,929. — G.  A.,  male,  aged  fifty-nine  years,  exam- 
ined August  13,  1913.  He  had  non-union  of  the  lower  third  of  the 
right  humerus  of  two  months'  duration.  There  had  been  a  com- 
pound fracture  of  the  humerus,  followed  by  marked  limitation 
of  motion  in  the  right  elbow.  September  2,  1913,  an  intramedul- 
lary plug  was  inserted.  The  plaster-of-Paris  spica  was  not  used 
and  the  fixation  was  faulty.  A  stiff  elbow  complicated  our  efforts 
to  control.  November  27,  1915,  the  patient  reported  that  there 
was  no  union.  The  poor  fixation  and  the  patient's  age  were  prob- 
ably responsible  for  the  failure.  Roentgenogram  showed  that  the 
transplant  had  absorbed. 

Case  92,214. — I.  B.,  female,  aged  eighteen  years,  exam- 
ined September  17,  1913.  Fracture  of  the  lower  third  of  the  left 
humerus.  Ten  weeks  after  the  fracture  there  was  no  union 
demonstrable.  October  10,  1913,  a  bone  plug  was  inserted,  as  an 
inlay  in  the  upper  fragment,  and  in  the  medullary  cavity  of  the 
lower  fragment.  A  plaster-of-Paris  spica  cast  was  used  and  firm 
union  resulted  in  three  months. 

Case  96,248. — J.  M.,  male,  aged  forty  years,  examined  Novem- 
ber 29,  1913.  Ununited  fracture  of  the  middle  third  of  the  right 
hiunerus  of  thirteen  and  one-half  years'  duration.  All  this  time  the 
arm  had  been  used,  the  patient  being  a  laborer.  The  roentgenogram 
(Fig.  191)  shows  the  bone  to  be  of  normal  density  and  not  thinned 
out,  as  are  most  of  the  fragments  in  ununited  fractures.  A  typical 
flail-joint  was  present.  The  man  came  for  consultation  because 
of  a  musculospiral  paralysis,  which  had  been  partial  for  five 
months,  and  complete  for  three  months.     He  was  operated  on 
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December  4, 1913,  by  aeombined  intramedullary  and  inlay  method. 
One-half  of  the  transplant  was  used  as  a  plug  and  the  other  half 
was  placed  as  an  inlay  in  a  trough  prepared  for  it.  The  normal  den- 
sity and  properties  of  the  fragments  warranted  the  use  of  a  short 
graft.  The  musculospiral  nerve  was  not  traced  or  touched,  as  it 
was  thought  the  paralysis  was  due  to  the  irritation  produced  by 


Fig.  191. — Non-union  in  huraeruD  of  fourteen  years'  Fig.  19?. — Firm  union  three  months  after 
duration.    Note  the  normal  density  of  the  fragments.  operation. 

the  rubbing  of  the  fragments.  There  was  no  callus  present  to 
cause  definite  pressure.  A  plaster-of-Paris  spica  was  applied,  and  in 
three  months  there  was  firm  union  (Fig.  192)  with  full  function  of 
the  musculospiral  nerve.  In  four  months  from  the  time  of  the 
operation  union  was  firm  and  the  man  was  handling  heavy  timber 
in  a  lumberyard  (Fig.  192). 
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Case  101,653. — M.  H.,  male,  aged  thirty-eight  years,  ex- 
amined March  4,  1914.  Ten  months  before  being  operated  on 
at  the  Mayo  Clinic  this  patient  sustained  a  compound  comminuted 
fracture  of  the  lower  third  of  the  left  humerus,  followed  by  severe 
infection.  At  his  home,  after  the  wound  had  healed,  metal  plates 
were  applied,  but  non-union  persisted.  When  examined  by  us 
March  4,  1914,  four  months  after  the  plating  operation,  there  was 
no  union  and  marked  restriction  of  motion  of  the  elbow,  possibly 
10  degrees  being  permitted.  Musculospiral  paralysis  was  com- 
plete. March  12,  1914,  we  first  forcibly  flexed  the  elbow  to  about 
a  right  angle  and  then  transplanted  an  inlay  from  the  right  tibia 
after  removing  the  metal  plates.  The  musculospiral  nerve  was 
not  traced,  as  it  was  thought  that  by  securing  union  and  reestab- 
lishing stability,  the  nerve  would  regain  its  function.  The  bone- 
graft  used  was  only  three  and  a  half  inches  long,  and  this  accounts 
for  the  slow  union  (ten  months).  A  longer  graft  would  probably 
have  hastened  the  union.  A  plaster-of-Paris  spica  was  applied. 
At  the  end  of  six  months  the  union  was  apparently  solid,  but  a 
plaster-of-Paris  spica  was  worn  for  four  months  longer,  when  union 
was  quite  firm.  Musculospiral  paralysis  persisted  without  notice- 
able gain,  and,  on  September  4,  1915,  the  nerve  was  explored  and 
a  separation  found  3  inches  above  the  elbow.  The  ends  were 
freshened  and  sewed  together  with  chromic  catgut  and  silk,  the 
anastomosis  being  surrounded  with  fascia  obtained  from  the  right 
thigh.  An  arthroplasty  on  the  elbow  will  be  done  after  the  return 
of  function  to  the  nerve  if  no  more  motion  returns  in  the  interim. 
(Examination  November  23,  1915,  two  months  after  operation, 
revealed  no  signs  of  return  of  function  in  the  musculospiral.) 

Case  104,394. — J.  H.  F.,  male,  aged  fifty-three  years,  ex- 
amined April  16,  1914,  one  year  after  having  sustained  a  frac- 
ture of  the  right  ankle  and  the  right  humerus;  the  fracture  of  the 
humerus  was  wired  at  his  home,  but  six  weeks  later,  while  riding  on  a 
train  which  was  wrecked,  the  right  arm  and  right  ankle  were  again 
injured.  Following  this  musculospiral  paralysis  slowly  came  on. 
Four  months  later  at  his  home  the  musculospiral  nerve  was  traced 
and  freed  from  all  adhesions.  At  the  time  of  our  examination  a 
fracture  ununited  in  the  middle  one-third  of  the  humerus  (Fig. 
193)  was  present  and  musculospiral  paralysis  was  complete.  On 
May  21,  1914,  the  fragments  were  exposed  and  the  wire  removed. 
An  intramedullary  plug  was  used  and  many  bone  chips  placed 
about  the  site  of  the  fracture.  The  bone  transplant  was  not  more 
than  3  inches  in  length.    A  plaster-of-Paris  spica  was  applied. 
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The  musculospiral  nerve  was  not  traced.  No  union  resulted, 
although  the  cast  was  faithfully  worn.  On  March  4,  1915,  by  the 
inlay  method,  we  transplanted  a  piece  of  bone  from  the  tibia  7 
inches  long  (Fig.  194).  August  27, 1915,  his  physician  wrote  that 
firm  bony  union  had  taken  place.  Musculospiral  paralysis  was 
still  present. 

Case  119,754. — C.  B.  W.,  male,  aged  thirty-six  years,  clerk, 
examined  November  25,  1914.     One  and  one-half  years   before 


Fig.  193. — Non-union  one  year  after 
wirinf^. 


Fig.  194. — Long  inlay  transplant  extending  well  up  into 
healthy  bone.     Union  secured. 


he  had  fractured  both  tibias,  both  os  calces,  and  the  right 
humerus.  All  the  bones  had  united  except  the  humerus,  which 
was  fractured  in  the  lower  third.  This  had  been  wired  and  plated 
at  his  home  (3  operations),  but  no  union  resulted.  December  5, 
1914,  the  ends  of  bone  were  exposed  and  Lane  plates  removed. 
An  intramedullary  transplant  was  inserted  and  many  small  pieces 
of  bone  placed  about  the  line  of  the  fracture.     A  plaster-of-Paris 
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spica  was  applied  and  worn  for  six  months,  but  no  union  resulted. 
Again,  May  5,  1915,  he  was  operated  on  and  the  inlay  method 
used.  Two  weeks  after  the  operation  the  split-cast  was  removed 
and  a  new  one  applied,  which  was  worn  for  five  months,  when  union 
was  found  to  be  firm. 

Case  107,886. — L.  R.  H.,  male,  aged  thirty-three  years, 
farmer,  examined  June  11,  1914.  Two  years  before  this  man 
sustained  a  simple  fracture  of  the  left  humerus;  at  twelve  weeks 
there  was  no  union,  and  in  June,  1914,  an  intramedullary  plug  was 
put  in  by  his  home  physician.  No  union  resulted.  On  June  12, 
1914,  we  applied  a  plaster-of-Paris  spica,  which  was  worn  for 
six  months,  but  no  union  was  demonstrable  on  its  removal.  De- 
cember 10,  1914,  a  large  inlay  graft  was  inserted  and  a  plaster-of- 
Paris  spica  applied.  Five  months  later  firm  union  was  demon- 
strable both  clinically  and  by  the  roentgenogram. 

Discussion, — In  the  treatment  of  these  10  cases  a  technic  has 
been  developed  which,  if  carefully  carried  out,  will  give  a  high  per- 
centage of  successes.  That  an  exact  technic  is  necessary  is  shown  by 
the  high  percentage  of  failures  which  have  occurred  by  the  use  of 
a  small  graft  and  a  more  or  less  haphazard  after-care. 

In  9  cases  (excluding  the  one  in  which  there  had  been  non- 
union for  thirteen  and  a  half  years)  the  average  duration  of  non- 
union before  transplantation  of  bone  was  twelve  and  a  half  months. 
The  average  age  of  the  patients  was  forty-one  years:  the  oldest 
sixty  and  the  youngest  eighteen.  But  one  woman  (aged  eighteen) 
was  operated  on.  In  6  the  right  humerus  was  fractured,  in  4  the 
left  humerus.  In  4  the  fracture  was  in  the  lower  one-third,  in  6 
it  was  in  the  middle  one-third.  Five  had  been  operated  on  before 
coming  to  our  clinic.  There  was  an  infection  present  in  one  at  the 
time  of  the  first  operation  and  in  another  at  the  second  operation. 
In  four  union  was  obtained  by  the  first  operation.  In  three  a 
second  operation  was  necessary.  In  two  cases  we  were  unable  to 
obtain  data  as  to  the  ultimate  result;  in  one  we  know  there  has 
been  no  union;  these  two  cannot  be  definitely  reported  upon  except 
to  say  that,  so  far  as  is  known,  the  results  in  our  early  cases  were  not 
satisfactory.  They  may  or  may  not  have  ultimately  attained  union. 
Musculospiral  paralysis  was  present  in  three  at  the  time  of  oiu* 
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examination  and  operation.  In  one  a  short  time  before  the  nerve 
had  been  traced  and  was  said  to  be  intact  by  the  patient's  home  sur- 
geon. Union  of  the  bone  had  resulted  from  our  operation,  but  now, 
more  than  one  year  afterward,  there  is  no  return  of  function  in  the 
musculospiral  nerve  and  doubtless  it  should  again  be  explored. 
One  patient,  a  brakeman,  had  the  paralysis  at  the  time  of  the  opera- 
tion and  we  had  intended  tracing  the  nerve,  but  the  implantation 
of  the  graft  took  so  long,  due  to  many  adhesions  and  fibrous  tissue 
caused  by  three  previous  operations,  that  no  attempt  was  made  to 
trace  the  nerve  until  some  time  later,  when  it  was  found  severed. 
The  ends  were  freshened  and  placed  in  a  fascial  tube  made  from  the 
fascia  lata  of  the  thigh.  The  result  cannot  yet  be  stated.  In  both  of 
these  cases  the  primary  musculospiral  paralysis  was  produced  at  the 
time  fracture  occurred.  One  case  of  ununited  fracture  of  thirteen 
and  a  half  years'  duration  had  a  secondary  musculospiral  paralysis. 
By  the  time  the  bone  was  completely  united  the  function  of  the 
nerve  was  normal.  In  one  of  our  early  cases,  by  too  free  and  vigor- 
ous retraction  at  operation  a  paralysis  of  the  musculospiral  was 
produced  which  remained  complete  for  four  months  and  partial 
for  one  year.     There  is  now  full  function  in  the  arm. 

Conclusions 

1.  The  transplant  must  be  as  large  as  is  practical  (6  inches  by 
3^  inch  or  larger).  It  must  extend  well  past  the  thinned  decalci- 
fied ends  into  the  hard,  healthy  bone  beyond. 

2.  The  inlay  is  the  method  of  choice. 

3.  Adequate  post-operative  fixation  is  essential.  A  split  plaster- 
of-Paris  spica  prepared  a  few  days  before  the  operation  can  be 
fastened  on  with  adhesive  strips  immediately  after  the  operation 
is  completed,  thus  eliminating  the  difficulty  of  applying  the  spica 
and  the  danger  of  disturbing  the  graft.  Two  or  three  weeks 
later,  when  the  wound  has  healed  and  the  stitches  have  been  re- 
moved, a  new  cast  can  be  applied  carefully  with  the  patient 
sitting  up. 

4.  By  removing  the  bone-graft  from  the  flat  internal  surface  of 
the  tibia,  the  strong  crest  of  the  bone  is  left  to  perform  its  important 
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weight-bearing  function.  The  patient  may  be  allowed  to  walk  in 
from  twelve  to  fourteen  days.  At  this  time  the  blood  clot  filling 
in  the  bony  defect  has  become  sufficiently  organized  so  that  no 
hemorrhages  will  occur  on  the  use  of  the  leg. 

5.  A  properly  applied  spica  cast  may  be  comfortably  worn  for 
three  months,  when  in  all  probability  union  will  be  complete. 
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SOME  MECHANICAL  DERANGEMENTS  OF 
THE  KNEE-JOINT* 


MELVIN    S.    HENDERSON 


The  knee-joint  is  exposed  to  tremendous  leverage  because  of  its 
situation  between  the  two  longest  bones  in  the  skeleton.  Mechani- 
cally it  is  constructed  so  there  are  practically  no  bony  prominences 
to  strengthen  it,  thus  forcing  the  ligaments  to  be  the  main  strength 
of  the  joint.  It  acts  as  a  hinge  except  at  the  end  of  extension, 
when  a  screwing  inward  to  a  slight  degree  of  the  femur  on  the  tibia 
is  permitted.  The  joint  is  most  stable  in  full  extension  when  all 
the  ligaments  are  taut.  While  the  leg  is  being  flexed  the  joint  is  a 
little  less  stable,  and  very  slight  abduction,  adduction,  or  rotation  is 
possible.  This  slight  instability  is  present  to  varying  degrees  up 
to  a  right  angle;  after  this  it  lessens.  Considering  the  apparently 
poor  mechanical  arrangement  of  the  articular  cartilage  and  bony 
surfaces  of  the  joint,  it  can  at  once  be  seen  that  an  extraordinarily 
efficient  ligamentous  reinforcement  is  necessary,  and  such  is  indeed 
provided.     A  brief  description  of  these  ligaments  is  as  follows. 

In  front  is  the  anterior  or  big  patellar  ligament,  but  as  this  has  a 
ligamentous  or  tendinous  attachment  below  and  a  muscular  above, 
its  action  as  a  true  ligament  is  not  very  great.  On  the  inner  side  is 
the  internal  lateral  ligament  described  as  short,  strong,  and  fan- 
shaped,  with  the  narrow  part  downward.  Its  deep  portion  is  in- 
timately associated  with  the  capsule  and  necessarily  then  with  the 
internal  semilunar  cartilage.  Its  deep  fibers  are  short,  thus  keep- 
ing the  internal  semilunar  close  to  the  condyles  of  the  femur.  On 
the  outer  side  is  placed  the  external  lateral  ligament,  composed  of 

*  Read  before  the  Boston  Orthopedic  Club,  April  11,  1915.  Reprinted  from 
IntersUte  Medical  Journal,  1915,  xxii,  871-882. 
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two  parts,  a  weak  posterior  and  a  strong  anterior.  This  ligament 
extends  from  the  external  tuberosity  of  the  femm*  to  the  head  of  the 
fibula,  splitting  the  tendon  of  the  biceps  in  its  course.     It  is  sepa- 


Fig.  195. — Intrinsic  structures  of  the  knee-joint. 


rated  from  the  capsule  of  the  joint  by  the  popliteus  tendon  and  the 
bursa  found  there.  These  two  lateral  ligaments  are  the  chief 
agents  providing  against  lateral  mobility.     The  internal  lateral 
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prevents  the  knee  from  bending  inward  and  the  external  lateral 
from  bending  outward.  The  romided  ends  of  the  femur  are  but- 
tressed, as  it  were,  by  the  internal  and  external  semilunar  cartilages, 
thus  aiding  the  lateral  ligaments  in  their  function  (Fig.  195). 

The  internal  semilunar  cartilage  forms  quite  a  large  segment  of 
a  circle  and  is  less  movable  than  the  external.  Posteriorly  it  is 
firmly  attached  just  in  front  of  the  posterior  crucial  ligament. 
Anteriorly  it  is  less  firmly  attached  just  in  front  of  the  anterior 
crucial  ligament.  Internally  it  has  a  firm  attachment  to  the  lateral 
ligament,  and  somewhat  weak  attachment  to  the  tibia  by  the  coro- 
nary ligament. 

The  external  semilunar  forms  a  smaller  segment  of  a  circle. 
Occasionally  it  is  a  complete  cartilage,  as  in  the  3  out  of  the  150  speci- 
mens examined  by  Tenney,^  there  being  in  these  only  a  small  open- 
ing against  the  tibial  spine.  The  external  semilunar  is  fixed  an- 
teriorly in  front  of  the  tibial  spine,  posteriorly  to  the  tibial  spine 
between  the  tubercles,  giving  a  strong  slip  to  the  posterior  crucial 
Ugament.  The  attachments  to  the  external  lateral  ligament  and 
the  tibia  are  very  weak.  Each  cartilage  assists  the  opposite  lateral 
Ugament  in  resisting  the  lateral  movements  of  the  leg,  acting  as  a 
wedge  between  the  tibia  and  femur,  which  helps  to  make  the  crucials 
taut.  These  semilunar  bodies  are  spoken  of  structurally  as  cartila- 
ginous. They  are  in  reality  fibrocartilaginous,  the  thick  convex 
part  being  largely  fibrous  tissue,  whereas  the  inner  concave  portion 
is  cartilaginous.  Injuries  nearly  always  occur  to  this  free  cartila- 
ginous border,  and  small  pieces  of  cartilage  may  become  separated 
and  loose.  The  fibrous  tissue  is  arranged  transversely  and  longi- 
tudinally. The  longitudinal  fibers  may  continue  anteriorly  across 
to  the  opposite  cartilage,  forming  the  transverse  ligament — an 
insignificant  structure.  At  the  convex  borders  the  transverse 
fibers  blend  with  the  capsule.  The  coronary  ligaments  are  formed 
by  these  fibers  below  and  are  really  only  the  portion  of  the  capsule 
between  the  semilunars  and  the  tibia. 

The  anterior  and  posterior  crucial  ligaments  are  two  very  impor- 
tant intrinsic  ligaments.  The  anterior  arises  from  the  front  of  the 
spine  near  the  anterior  extremity  of  the  external  semilunar  and 
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courses  upward,  outward,  and  backward  to  the  inner  side  of  the 
outer  condyle.  The  posterior  arises  from  the  back  of  the  groove 
at  the  posterior  aspect  of  the  top  of  the  bone,  and  from  its  outer  bor- 
der, leaving  the  floor  of  the  groove  and  the  transverse  piece  of  the 
spine  of  the  tibia  free  and  covered  by  synovial  membrane.  Here 
it  is  closely  connected  with  the  external  semilunar  cartilage  and 
runs  forward,  upward,  and  a  little  inward  to  the  front  of  the  outer 
side  of  the  inner  condyle  and  of  the  intercondylar  notch  (Piersol).* 
These  ligaments  greatly  aid  in  the  stability  of  the  joint.  Griffiths' 
states  that  if  the  internal  or  external  lateral  ligament  be  divided  and 
the  lateral  bending  be  attempted  in  the  extended  position,  consider- 
able bending  is  allowed,  but  if  the  same  be  attempted  in  the  flexed 
position  no  bending  is  allowed  laterally.  He  concludes,  therefore, 
that  bending  inward  of  the  knee-joint  is  prevented  by  the  internal 
lateral  ligament  in  the  extended  position  and  by  the  crucials  in  the 
flexed  position.  In  flexion  the  relaxation  of  the  internal  lateral  liga- 
ment allows  of  some  rotation.  A  pull  upon  the  anterior  or  upper 
part  of  the  internal  lateral  ligament  makes  some  traction  directly 
on  the  internal  semilunar  cartilage,  and  this  may  be  responsible 
for  the  anterior  extremity  becoming  ripped  when  caught  and  exten- 
sion of  the  joint  is  attempted.  Jones*  says  experiments  show  that 
hyjierextension  of  the  knee  is  prevented — (1)  By  the  posterior 
crucial;  (2)  by  the  anterior  crucial;  (3)  by  the  internal  lateral  liga- 
ment, and  (4)  by  the  external  lateral  ligament,  and  that  increased 
extension  is  secured  as  each  of  these  is  divided  in  turn.  Internal 
rotation  is  limited  by  the  internal  lateral  ligament  and  the  anterior 
crucial.  In  external  potation  the  tibia  may  slip  slightly  forward 
on  the  femur,  but  be  stopped  by  the  anterior  crucial.  On^intemal 
rotation  the  tibia  may  slip  back  a  little  but  be  stopped  by  the 
posterior  crucial. 

Method  of  Production  of  Injuries 

In  this  series  of  cases  I  have  taken  into  consideration  only  those 

of  internal  derangement  due  to  injuries  to  the  semilunar  cartilages 

or  to  loose  bodies  having  their  origin  in  the  joint  itself.     Foreign 

bodies  introduced  from  without  are  not  included.     The  method  of 
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producing  these  injuries  is  an  interesting  subject  and  is  explained 
in  various  ways  by  different  authorities.  The  consensus  of  opinion 
is  that  they  usually  occur  with  the  knee  a  little  flexed,  the  foot 
abducted  and  everted,  thus  tending  to  rotate  the  tibia  outward  (or 
the  femur  inward).  The  cartilage  is  ripped  as  extension  is  at- 
tempted. Martin^  calls  attention  to  the  frequency  of  the  occur- 
rence among  coal-miners,  standing  as  they  do  with  the  knees  more 
or  less  flexed  in  low  seams  (4  feet  x  43^  feet  in  the  mines.)  A  forcible 
twist  or  wrench  of  the  tibia  on  the  femur  while  in  this  position  tends 
to  rip  the  semilunar  cartilage.  Walton  *  believes  that  injuries  to  the 
semilunar  cartilages  are  brought  about  by  a  condition  of  hyper- 
extension  of  the  knee.  He  says  that  sudden  pain  in  the  joint  causes 
it  to  be  more  immediately  flexed.  The  patient  falls,  and  on  at- 
tempting to  rise  finds  the  knee  is  fixed  in  the  semi-flexed  position 
and  believes  that  the  accident  occurred  with  the  leg  in  that  position. 
Jones'  says  the  most  frequent  cause  of  injury  to  the  internal  menis- 
cus is  strain  thrown  on  the  internal  lateral  ligament  while  the  knee 
is  flexed  and  the  tibia  rotated  outward.  In  rare  instances  he  has 
known  it  to  occur  with  the  knee  extended.  Certainly  the  histories 
of  cases  in  our  clinic  have  in  the  majority  of  instances  brought  out 
the  point  that  the  leg  was  flexed  a  little,  the  foot  abducted  and  force 
applied  which  caused  the  tibia  to  be  rotated  outward  or  the  femur 
inward,  depending  on  whether  the  twisting  force  was  applied  above 
or  below  the  plane  of  the  knee.  In  some,  the  records  were  not  clear 
on  this  point,  the  patients  themselves  not  remembering  just  how  the 
injury  was  produced.  The  loose  bodies  in  some  instances  seem 
to  have  originated  from  direct  trauma.  The  method  of  production 
or  formation  of  these  loose  bodies  is  not  exactly  clear,  and  it  may  be 
well  to  consider  briefly  their  character. 

Koenig,*  in  1887,  described  osteochondritis  dissecans  as  being 
the  result  of  blocking  the  nutrient  end-artery  supplying  the  part  in 
the  condyles  of  the  femur.  Barth,*  in  1896,  disputed  this,  believing 
that  arthritis  deformans  and  trauma  were  the  only  two  modes  of 
formation  of  loose  bodies  of  chondral  and  osteochondral  nature. 
The  typical  fibrinous  bodies  are  thought  to  be  due  to  degenerative 
changes  in  the  synovial  membrane,  and  occur  in  tuberculosis  and 
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Charcot's  joint.  Do  these  fibrinous  bodies  develop  into  cartilagin- 
ous bodies?  Whitelocke  ^^  thinks  they  may,  and  explains  the  devel- 
opment on  embryologic  grounds.  He  states  the  development  of 
fibrous  tissue  into  cartilage  is  due  to  the  fact  that  the  early  develop- 
ment of  the  synovial  membrane,  articular  and  interarticular  car- 
tilages of  the  knee-joint  are  all  from  the  same  primitive  embry- 
onic intermediate  layer  of  the  axial  blastema.  This  would  indicate 
that  Whitelocke  does  not  favor  the  view  of  Koenig  as  to  the  origin 
of  these  pieces  of  cartilage.  I  have  seen  one  case — a  young  man 
who  had  a  piece  of  cartilage  firmly  embedded  in  the  cartilaginous 
surface  of  the  femur.  According  to  Whitelocke,  this  may  have 
originated  in  a  tag  of  synovial  membrane  becoming  cartilaginous, 
wandering  about  and  finally  embedding  itself  in  the  cartilage  of 
the  condyle  of  the  femur.  To  free  this  piece  it  was  necessary  to 
cut  along  its  edges  and  lift  it  from  its  bed.  Clinically,  it  hardly 
seemed  possible  that  this  piece  could  have  orginated  elsewhere  than 
from  the  condyle  of  the  femur.  The  articular  cartilage  of  the 
femur  is  thickest  over  the  trochlear  surface  on  which  the  patella 
slides.  It  is  also  thickened  along  the  curve  of  the  condyle  over  the 
area  in  contact  with  the  tibia.  In  this  latter  area  the  loosened 
piece  of  cartilage  was  found. 

Effect  of  Loose  or  Free  Bodies 
The  primary  eflFect  of  loose  or  free  bodies  is  mechanical,  chiefly 
by  obstruction  of  motion  and  secondarily  causing  irritation  and  ef- 
fusion. Lane^^  makes  the  statement  that  the  large  majority  of 
tuberculous  infections  of  the  knee-joint  originate  in  the  local  de- 
preciation of  vitality  resulting  from  damage  to  the  internal  fibro- 
cartilage.  He  does  not  hold  that  the  site  of  the  tuberculous  infec- 
tion is  in  the  fibrocartilage  itself,  but  that  the  mechanically  pro- 
duced inflammation  of  the  joint  causing  effusion  and  inflammation 
of  the  synovia  may  afford  the  nidus  for  the  infection.  Jones  says: 
"An  argument  in  favor  of  operation  is  the  occurrence  of  tubercle 
and  so-called  rheumatoid  trouble  as  a  direct  result  of  the  irritation 
of  a  displaced  cartilage.*'  The  irritation  produced  by  these  loose  or 
free  bodies  is  chronic  and  characterized  by  acute  exacerbations.     In 


SOME  MECHANICAL  DERANGEMENTS   OF   KNEE-JOINT  687 

some,  but  certainly  not  in  all,  of  our  cases  of  tuberculosis  of  the 
knee  there  has  been  a  suggestion  of  such  a  history.  I  might  cite  an 
interesting  case  in  this  series.  A  young  man  had  a  direct  trauma 
resulting  in  marked  restriction  of  motion  and  eflFusion  of  the  knee- 
joint.  The  knee  was  aspirated,  a  clear  serous  fluid  being  obtained 
which  was  used  in  a  guinea-pig  test.  In  a  week  the  joint  was 
opened  and  a  large  osteochondromatous  mass,  which  had  been 
demonstrated  by  the  roentgen  ray,  was  removed  with  a  chisel  from 
the  region  of  the  tibial  spine.  An  uneventful  recovery  ensued.  The 
guinea-pig  died  in  six  weeks  from  extensive  tuberculous  peritonitis 
involving  the  liver  and  spleen.  There  is  no  reason  to  suppose  that 
any  error  was  made  in  the  laboratory,  and  Sanford  says  he  has 
never  known  a  guinea-pig  to  develop  a  spontaneous  tuberculous 
peritonitis.  More  than  a  year  has  passed  since  the  operation, 
and  the  patient  has  now  a  perfectly  normal  functionating  knee 
and  is  working  on  a  farm. 

Symptoms  and  Indications  for  Operation 
The  subjective  findings  in  these  cases  prove  similar,  as  the  his- 
tories are  reviewed,  but  the  objective  findings  vary  according  to 
the  time  since  the  last  attack.  A  typical  case  of  injury  to  the  in- 
ternal semilunar  uncomplicated  by  arthritis  gives  a  clear-cut  his- 
tory. The  injury  is  most  often  indirect,  perhaps  during  some  not 
unusual  exertion  in  which  the  mechanics  of  the  knee-joint  are 
brought  into  action.  The  most  frequent  history  is  that  of  an 
everted  foot,  abducted  leg,  and  knee  slightly  flexed  throwing  stress 
on  the  internal  lateral  ligament.  In  the  act  of  extension  the  move- 
ment is  blocked  by  the  interp)osition  of  the  cartilage,  severe  pain 
is  felt,  and  the  cartilage  may  be  fractured.  If  the  fracture  is  re- 
duced at  once  and  the  leg  held  in  extension  and  quiet  for  four  or 
five  weeks,  there  will  be  few  cases  of  recurrence.  Too  often  this  is 
not  done  and  the  patient  presents  himself  after  many  attacks  with 
considerable  effusion  and  perhaps  an  arthritis. 

There  has  been  considerable  discussion  in  the  past  as  to  whether 
the  arthritis  is  a  precursor  or  an  end-result  of  the  loose  cartilage  or 
free  body.     A  loose  internal  semilunar  scarcely  seems  sufficient 
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cause  for  arthritis,  but,  on  the  other  hand,  a  pedunculated  or  free 
piece  of  cartilage  might  be  an  exciting  cause  for  an  arthritic  joint, 
were  the  arthritis  actually  produced  by  a  mechanical  agent.  We 
do  not  know  the  exact  cause  of  the  arthritis.  If  infectious,  the 
cause  may  be  explained  by  the  theory  that  the  chronic  irritation 
produced  in  the  joint  by  the  loose  or  free  cartilage  lowers  the  nor- 
mal resistance  and  devitalizes  the  entire  intra-articular  lining,  pro- 
viding a  possible  nidus  for  infection.  It  is  quite  possible  that  in 
many  of  our  older  patients  the  free  cartilaginous  bodies  may  have 
had  their  origin  in  the  arthritis.  Lack  of  extension  or  "locking" 
and  the  consequent  pain  are  the  most  constant  symptoms,  but  are 
not  invariably  present.  Effusion  is  quite  constant,  but  may  be  so 
slight  as  not  to  be  noted  by  the  patient.  Generally  speaking,  a 
frank  pinching  of  the  internal  semilunar  produces  more  effusion 
than  the  locking  by  a  free  body.  This  is  especially  true  if  an  actual 
fracture  of  the  internal  semilunar  is  produced.  A  differential  diag- 
nosis between  a  loose  internal  semilunar  and  a  loose  or  free  piece 
of  cartilage  is  not  always  possible.  Roentgenograms  are  our  most 
valuable  aid  in  these  cases.  The  semilunar  cartilages  do  not  as  a 
rule  cast  a  shadow.  They  are  composed  of  fibrous  tissue  and  white 
cartilage,  whereas  the  free  bodies  are  often  osteochondral  in  char- 
acter and  have  suflBcient  bony  deposits  in  them  to  cast  a  definite 
shadow.  On  the  other  hand,  a  semilunar  cartilage  which  is  loose 
may,  through  irritation,  have  sufficient  calcium  deposited  in  it  or 
become  thickened  enough  to  cast  a  shadow. 

The  patients'  statements  must  be  carefully  considered  and 
weighed.  They  often  say  that  they  have  felt  the  body  to  the  outer 
side  of  the  joint  or  above  the  patella.  This,  of  course,  does  not  ex- 
clude a  loose  internal  semilunar,  but  it  does  tell  us  that  there  is 
something  besides  a  loose  internal  meniscus.  In  the  past,  the  in- 
ternal semilunar  has  been  given  the  excess  of  treatment  allotted  the 
appendix  in  abdominal  surgery.  The  internal  semilunar  cartilage 
should  be  removed  only  when  gross  lesions  are  present  or  the  history 
is  so  clear  as  to  leave  no  doubt.  Jones  admits  that  he  has  some- 
times had  to  close  the  knee-joint  without  repairing  or  removing 
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anything  after  having  made  a  careful  search  for  a  pathologic  reason 
for  the  symptoms. 

A  just  balance  should  be  maintained  between  the  clinical  and 
pathologic  findings.  It  is  perfectly  possible  to  conceive  that  be- 
tween attacks  of  locking,  the  cartilage  would  present  relatively 
little  pathology.  WTien  a  semilunar  cartilage  is  not  fractured,  or 
not  more  than  normally  movable  or  thickened,  it  should  not  be  re- 
moved. In  America,  the  literature  upon  this  subject  is  quite 
scanty.  Certainly  the  number  of  knee-joints  opened  is  very  much 
smaller  than  in  England.  Whether  they  are  not  diagnosed  here  or 
whether  they  are  not  so  common  in  America  is  a  question.  I  am 
inclined  to  think  the  latter  true.  Orthopedists  have  long  rec- 
ognized that  the  results  of  knee  surgery  are  not  so  good  as  they 
should  be  and  have  wisely  been  conservative.  Clinical  impressions 
are  a  poor  basis  for  clinical  diagnostic  rules. 

With  the  idea  of  establishing  for  myself  some  definite  basis  for 
judgment,  I  began  this  study.  In  the  Mayo  Clinic  (January  1, 
1910,  to  January  1,  1915)  63  knee-joints  have  been  opened  for 
damage  to  the  internal  semilunar  or  a  loose  or  free  cartilage.  In 
no  instance  was  a  damaged  external  semilunar  found.  The  re- 
sults in  these  cases  were  not  all  that  could  be  wished.  Most  of  the 
patients  have  been  seen  or  have  written,  giving  52  cases  on  which 
to  base  conclusions.  Statistics  in  such  a  small  group  or  in  any 
sized  group  are  apt  to  be  erroneous.  Operations  were  performed 
with  practically  the  same  technic.  The  questions  confronting  us 
are — did  we  cure,  relieve,  or  fail  to  relieve  the  patient? 

In  60  cases.  Finch ^^  reported  as  follows:  "In  40,  the  patients 
were  pleased  with  the  results;  in  9  the  results  were  fairly  success- 
ful, and  in  11  not  satisfactory."  This  in  the  main  coincides  with 
our  statistics.  A  careful  review  of  these  cases  has  led  me  to  believe 
that  in  the  majority  of  the  patients  not  cured  or  believing  them- 
selves not  sufficiently  alleviated  to  justify  the  pain,  inconvenience, 
and  expense  of  the  operation,  there  was  an  associated  arthritis 
which  might  account  for  the  poor  result.  Associated  with  the  loose 
cartilage  may  have  been  extensive  trauma  to  the  ligaments  causing 
an  irreparably  unstable  joint.  These  patients  had  expected  too 
'15—44 
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much,  an  element  which  cannot  be  incorporated  in  our  statistics 
and  makes  our  figures  appear  even  worse  than  they  actually  are. 
However,  in  summing  up,  these  facts  have  influenced  me  very  little. 
In  the  entire  series  of  63  patients  there  were  7  between  the 
ages  of  fifteen  and  twenty;  26  between  the  ages  of  twenty  and 
thirty;  12  between  the  ages  of  thirty  and  forty:  11  between  the 
ages  of  forty  and  fifty;  5  between  the  ages  of  fifty  and  sixty;  and 
2  between  sixty  and  seventy.  Fifty-two  were  traced,  and  of  these, 
SO  may  fairly  be  called  cured,  whereas  22  did  not  on  the  whole  have 
satisfactory  results.  Expressed  in  percentages  we  find  62.5  per 
cent,  cured,  26  per  cent,  distinctly  relieved,  but  11.5  per  cent,  un- 
relieved. This  closely  approximates  Finch's  statistics.  Investigat- 
ing these  poor  results  a  little  more  closely,  I  find  that  in  6  cases 
they  cannot  be  excused  on  the  grounds  of  associated  arthritis, 
trauma,  or  poor  history.  I  must  conclude,  therefore,  that  the 
trouble  was  not  located  at  operation  or  that  the  joint  was  weakened 
in  some  way  by  the  operation,  e.  g,,  cutting  the  internal  lateral  liga- 
ment in  our  attempt  to  get  exposure.  The  internal  semilunar  alone 
was  removed  in  33  cases,  and  in  7  together  with  a  loose  or  free 
piece  of  cartilage.  In  12  cases  a  loose  piece  of  cartilage  only  was 
removed,  the  internal  cartilage  being  left  unmolested.  The  poorest 
results  obtained  were  those  in  which  the  internal  semilunar  and  pos- 
sibly a  fat  tag  were  removed  in  the  search  for  pathology  to  account 
for  the  symptoms.  In  our  experience  the  fat  tag  has  very  seldom 
seemed  to  be  the  offender.  When  cartilage  or  fat  tags  were  removed 
only  where  definite  pathology  was  found,  the  results  were  good. 
The  internal  semilunar  is  needed  to  strengthen  the  joint,  and  if 
removed  is  in  a  measure  replaced.  In  several  cases  where  we  have 
had  to  explore  the  joint  for  some  other  cause  after  the  removal  of 
the  internal  semilunar,  the  space  was  filled  by  a  firmly  fixed  fibrous 
tissue  not  so  large  as  a  normal  cartilage,  but  large  enough  to  be  of 
some  help  in  maintaining  the  stability  of  the  joint.  An  associated 
arthritis  in  elderly  people  should  not  deprive  them  of  the  benefit 
of  the  operation  if  there  are  free  bodies  or  if  the  internal  semilunar 
is  definitely  loose  or  fractured.  These  people  should,  however,  be 
told  that  the  operation  will  relieve  the  mechanical  difficulties,  but 
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not  the  pain,  stiffness,  and  lack  of  motion  consequent  upon  arthritis. 
Unless  this  is  explained  they  expect  complete  relief  and  are  natur- 
ally disappointed.  Arthritis  in  a  young  person,  consequent  to  the 
mechanical  irritation  of  a  loose  cartilage,  tends  after  removal  of 
the  cartilage  to  improve  and  may  completely  disappear. 

There  was  no  mortality  in  this  series.    Two  patients  became  dis- 
tinctly worse  after  operation.     One  was  a  woman  with  associated 


Fig.  196. — X-ray  No.  91,063.  Loose  cartilage  above  the  patella,  which  at  operation  was  found 
to  have  moved  down  between  the  condyles.  Considerable  arthritis.  Patient,  aged  sixty,  obtained 
complete  relief. 

destructive  arthritis  in  which  the  internal  semilunar  seemed  to  be 
the  prime  offender.  At  the  time  of  operation  there  was  no  joint 
fluid  present.  Removal  of  the  semilunar  did  not  help  the  condi- 
tion. The  destruction  continued  and  the  joint  was  resected  with  re- 
lief. Bacteriologic  tests  did  not  confirm  a  diagnosis  of  tuberculosis. 
In  another  patient,  a  young  man  with  an  atypical  history,  a  dry 
arthritis  was  found  at  operation.  Though  there  was  ho  fracture, 
the  internal  semilunar  was  removed,  since  it  seemed  rather  loose  and 
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thickened.  A  mild  infection  followed  and  still  persists  a  year  after 
operation.  The  joint  is  slowly  stiffening.  I  believe  the  arthritis 
was  in  process  of  development  at  the  time  of  operation  in  both 
these  cases,  and  the  joints  should  not  have  been  opened.  Such 
cases  should  not  be  operated  on. 

The  operative  technic  is  briefly  as  follows:  There  is  no  prepa- 
ration of  the  operative  field  except  thorough  washing  with  soap  and 
water  the  day  before,  followed  by  alcoholic  lavage.     No  water  is  al- 


Fig.  197.— X-ray  No.  IR.9I.S.  Loose  bod^-.  Free  cartilage.    Eight  years'  hi8tor>'  of  locking  followed  by 
effusion.     Loose  internal  semilunar  not  shown  in  x-ray. 

lowed  on  the  skin  on  the  day  of  op)eration.  Benzin  and  iodin  prepa- 
ration is  carried  out  on  the  table  as  the  patient  is  going  to  sleep. 
A  tourniquet  is  applied.  The  head  of  the  table  is  lowered  slightly, 
and  the  foot-piece  dropj^ed,  leaving  the  leg  in  flexion  of  about  70 
degrees.  A  curved  incision  is  made  along  the  internal  condylar 
border  (Jones)  of  the  femur  and  the  joint  is  opened,  care  being 
taken  to  avoid  the  internal  lateral  ligament.  If  the  internal  semi- 
lunar is  to  be  removed,  it  is  done  usually  with  a  pair  of  Jblunt  dis- 
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secting  scissors — the  posterior  end  often  having  to  be  cut  with  a 
small-bladed  knife.  The  capsule  is  closed  with  a  few  interrupted 
sutures  of  chromic  catgut,  and  the  skin  is  closed  with  silkworm  gut 
and  horsehair.  A  posterior  splint  is  applied  and  the  patient 
allowed  to  be  up  on  crutches  in  four  or  five  days.  The  splint  is 
removed  in  ten  days  and  moderate  active  use  advised.  Weight- 
bearing  is  then  permitted  as  soon  as  the  patient  wishes. 


Fig.  198. — X-ray  No  106,288.  Shows  loose  cartilage  above  patella  and  faintly  one  in  the  intercondylar 

space. 

The  following  are  a  few  rather  typical  histories  with  accompany- 
ing roentgenograms: 

Case  83,674. — Woman,  aged  sixty.  Two  years  before  the 
patient  sprained  her  left  ankle  and  at  the  same  time  had  a  feeling 
of  something  snapping  in  her  right  knee.  She  had  frequent  attacks 
of  sharp  pain  in  her  right  knee  when  walking  and  for  a  while  was 
unable  to  move  her  leg.  Roentgenogram  showed  a  loose  cartilage 
in  the  suprapatellar  pouch  with  hypertrophic  arthritis  (Fig.  196), 
Operation  May  7, 1913.  The  internal  semilunar,  which  was  dislo- 
cated and  freely  movable,  was  removed,  and  also  a  floating  carti- 
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lage  one-third  inch  in  diameter,  evidently  moved  dowTi  from  its 
former  position  between  the  condyles.  Complete  recovery  followed, 
showing  that  age  in  itself  is  no  contraindication  to  operation. 

Case  78,990. — Man,  aged  thirty-two.  For  eight  years  the 
patient  complained  of  painful  locking  followed  by  eflFusion.  The 
last  attack  occurred  two  weeks  before  the  oj^eration  was  performed 
and  was  especially  severe,  suggesting  a  loose  internal  semilunar. 
The  roentgenogram  showed  a  floating  cartilage,  which  was  re- 


Fig.  100.— X-ray  No.  106,988  (same  as  Fig.  108).     Shows  the  cartilage  between  external  condjie 

and  tibia. 

moved  at  operation  (January  30,  1913),  as  was  also  the  internal 
semilunar  (Fig.  197).     Complete  recovery  followed. 

Case  106,288. — Man,  aged  forty-six.  The  history  in  this 
case  extended  back  thirty-four  years,  and  was  characterized  by 
catches  of  pain  in  the  right  knee,  not  typical  but  suggestive  of 
locking.  At  times  a  loose  body  could  be  felt.  The  patient  stated 
that  when  bending  his  knee  to  sit  down  he  could  at  times  see 
something  snap  out  at  the  inner  side  of  the  knee.  Operation  May 
£8,  1914.  Exploration  of  right  knee  disclosed  the  internal  semi- 
lunar quite  loose,  one  piece  of  free  cartilage  the  size  of  a  pea  in  the 
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suprapatellar  pouch  and  one  attached  cartilage  about  the  same 
size  between  the  condyles  which  were  removed.  The  op)eration 
gave  complete  relief  from  all  pain  and  inconvenience  except  that 
flexion  is  permitted  but  a  little  beyond  a  right  angle.  This  is  im- 
proving (Figs.  198  and  199). 

Case  116,019. — Man,  aged  twenty-four.  He  had  a  history 
of  ten  years'  duration.  For  seven  years  soreness  in  the  knee 
followed  walking  on  rough  ground.     No  swelling,  no  history  of 


Fig.  200. — X-ray  No.  110,019.  Anteroposterior  view  showing  portion  of  cartilage  embedded  in  interna 
condyle  of  the  left  knee,  causing  locking,  etc. 


direct  trauma  were  found.  Three  years  ago  he  twisted  his  knee, 
heard  something  snap,  and  had  sharp  pain  over  the  region  of  the 
internal  semilunar.  Locking  occurred  and  there  was  an  effusion  for 
three  or  four  weeks.  A  year  before  and  again  two  weeks  before  op- 
eration the  same  thing  happened.  Operation  October  1,1914.  The 
internal  semilunar  was  apparently  .normal  and  was  not  molested. 
A  piece  of  cartilage  the  size  of  a  five-cent  piece  was  found  embedded 
in  the  cartilage  of  the  internal  condyle  of  the  femur.  It  was  firmly 
attached  with  flakes  of  fibrin  about  its  edges  and  had  to  be  cut 
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free  and  lifted  from  its  bed.  This  case  seems  to  be  one  of  osteo- 
chondritis dissecans  recently  described  by  Ridlon  ^^  and  others  (Figs. 
200  and  201).  The  history  suggests  that  this  piece  of  cartilage 
becomes  dislodged  and  floats  about  as  a  free  body,  causing  locking; 
later  it  floats  back  into  its  bed  and  becomes  attached  for  a  time. 

Case  97,040. — Man,  aged  twenty-eight.  There  was  a  his- 
tory of  typical  locking  for  twenty  years  following  direct  trauma 
to  the  inner  side  of  the  knee.  Effusion  never  completely  subsided. 
Roentgenogram  showed  two  loose  bodies  in  the  joint  (Fig.  202). 


Fig.  iOL—X-Ttiy  No.  116.019.     Lateral  view  showing  same  as  Fig.  «00. 

Operation  December  18,  1913.  An  incision  was  made  in  the  inner 
side  of  the  knee.  A  loose  body  the  size  of  a  quarter  and  a  little 
thicker  was  removed.  The  other  body  could  not  be  located.  The 
effusion  persisted  and  also  the  locking.  Another  roentgenogram 
two  months  later  showed  the  second  body  which  was  formerly  in 
the  posterior  part  of  the  joint  in  the  suprapatellar  pouch  (Fig.  203). 
April  30, 1914,  the  joint  was  again  opened  through  the  old  incision, 
as  on  the  operating  table  the  body  could  not  be  felt  to  have  moved 
from  its  position.    A  piece  of  cartilage  the  size  of  a  quarter  and 
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Fi|f.  90t. — X-ray  No.  97.010.  Male,  aged  twenty-eight.  For  twenty  years  locking:  always  some 
effiMJon;  two  kxMe  bodies  in  joint.  The  one  between  the  femur  and  tibia  removed  at  first  operation. 
The  other  not  located. 


Fig  203  —  Jf-ray  No.  07,040  (same  as  Fig.  202).    Body  in  suprapatellar  bursa  was  formerly   in 
posterior  part  of  the  joint,  as  shown  in  Fig.  196. 
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three-eighths  of  an  inch  thick  was  removed,  the  semilunar  was 
not  touched.  The  man  is  now  w^orking  as  a  stone-mason  with  no 
inconvenience. 

Case  108,373. — Woman,  aged  sixty.  The  patient  gave  "rheu- 
matic" history  of  twenty  years'  duration  in  finger- joints,  etc. 
Treatment  at  Hot  Springs  had  given  temporary  relief.  Two  and 
one-half  years  ago  a  typical  locking  of  the  right  knee  with  as- 
sociated pain  and  swelling  took  place.     She  had  had  several  attacks 


Fiff.  204. — X-ray  No.  108,S7S.  Femiile,  aged  sixty.  Hypertrophic  arthritis,  twenty  yeart*  dura- 
tion. Locking  of  the  joint  with  typical  symptoms  for  two  and  a  half  years.  Loose  body  in  the  supra- 
patellar pouch. 


with  more  pain  and  swelling  in  this  joint.  Roentgenogram  showed 
hypertrophic  arthritis  with  a  piece  of  cartilage  lying  in  the  supra- 
patellar pouch  (Fig.  204).  Operation  June  30,  1914.  Removal  of 
free  cartilage  IJ^^  inches  by  ^  inch  by  J^  inch  in  outer  and  upper 
aspect  of  the  right  knee  relieved  the  locking  and  swelling  in  the 
joint.  There  is  less  pain,  but  the  patient  still  uses  crutches  nine 
months  after  operation.  She  is  still  suflFering  from  the  arthritb, 
but  is  free  from  the  mechanical  difficulties  caused  by  the  loose  body. 


some  mechanical  derangements  of  knee-joint 

Conclusions 

1.  Internal  semilunar  or  external  semilunar  cartilages  should 
be  removed  only  when  definite  pathology  is  present  (e,  gr.,  fractures, 
definitely  loosened  or  thickened,  and  showing  evidences  of  nipping 
or  with  so  clear  a  history  that  there  would  be  no  doubt  as  to  its 
culpability). 

2.  Loose  or  free  pieces  of  cartilage  should  be  removed  with  the 
least  possible  trauma.  This  can  be  done  in  some  instances  under 
local  anesthesia,  with,  of  course,  the  most  rigid  asepsis. 

3.  Small  incisions  and  early  use  of  the  leg. 

4.  The  curved  incision  along  the  internal  condylar  line  is  usually 
best.  In  certain  selected  cases  the  splitting  of  the  patella,  as  ad- 
vised by  Jones  and  more  recently  by  Corner,^*  is  an  aid  in  the  ap- 
proach for  certain  loose  bodies,  but  probably  not  the  best  for  re- 
moval of  the  internal  semilunar  or  routine  knee  surgery. 

5.  Patients,  especially  elderly  people,  having  associated  arthritis 
cannot  expect  to  be  relieved  of  their  arthritis  by  operation,  but 
are  entitled  to  removal  of  the  mechanical  derangements  when  pos- 
sible. 

6.  Under  rigid  asepsis  and  careful  technic  (more  rigid  then 
in  abdominal  surgery),  there  is  practically  no  danger  to  life  or 
limb. 
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TRANSPLANTATION    OF     BONE     FOR     NON- 
REGENERATION  OF  THE  TIBIAL  SHAFT  * 
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A  girl,  aged  six  years,  was  brought  to  the  Mayo  Clinic  for  con- 
sultation and  treatment  November  20,  1912.  Seventeen  months 
before  she  had  had  a  typical  attack  of  acute  osteomyelitis  of  the 
left  tibia.  On  the  seventh  day  an  abscess  was  opened  and  during 
the  next  fortnight  several  more  collections  of  pus  were  incised  and 
evacuated.  Two  months  after  the  onset  a  subperiosteal  resection 
of  the  entire  shaft  of  the  left  tibia  was  performed  by  the  attending 
surgeon.  At  the  time  of  our  examination  there  was  non-regenera- 
tion to  the  extent  shown  in  Fig.  205.  The  child  was  wearing  a  brace 
which  enabled  her  to  walk  without  crutches.  The  fibula  was  quite 
enlarged  as  a  result  of  the  increased  function  demanded  of  it. 
Since  the  sinuses  had  been  healed  only  two  months,  we  advised 
deferring  operative  interference  for  three  months  to  make  sure  that 
the  infection  had  become  quiescent,  and  to  see  if  by  any  chance 
more  regeneration  would  occur,  thus  eliminating  surgery.  At  the 
end  of  this  time  the  leg  still  looked  clean,  but  no  further  regenera- 
tion had  occurred. 

February  14,  1913,  a  piece  of  bone  43^  inches  long  and  three- 
eighths  inch  wide  was  removed  from  the  opposite  tibia  and  placed  in 
a  warm  salt  cloth  while  the  bed  was  prepared  for  it  in  the  aflFected 
leg.  The  periosteum  was  retained  on  the  transplant,  which  was 
wedged  into  the  upper  fragment,  and  side-to-side  apposition  to 
the  lower  fragment  was  secured.  Holes  were  bored  in  the  trans- 
plant and  silver  wire  used  to  hold  it  in  place,  a  suture  now  rarely 
used  in  our  bone  surgery.    Fig.  206  shows  the  graft  three  months 

*  Reprinted  from  Jour.  Amer.  Med.  Assoc,  1916,  Ixvi,  177-178. 
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later  firmly  united  above  and  below  with  only  slight  increase  in  the 
size  of  the  transplant.  During  this  convalescent  period  the  child 
wore  a  cast  and  was  provided  with  crutches. 

Two  weeks  after  the  roentgenogram  (Fig.  206)  was  taken  the 
child  stepped  rather  heavily  on  the  left  foot  while  playing  and  felt 
and  heard  something  snap.  No  particular  pain  was  complained 
of,  but  a  month  later  (June,  1913)  her  parents  brought  her  to  the 


Fiff.  205. — ^Incomplete  regeneration  of  the 
tbaft  ot  the  tibia  following  subperiosteal  removal 
twenty-one  months  before. 


Fig.  206. — ^Tbe  graft  three  months  after  operm- 
tion,  firmly  united  above  and  below. 


clinic  for  examination.  Fig.  207  shows  a  fracture  where  the  silver 
wire  was  thrown  around  the  graft  and  the  lower  fragment.  The 
non-absorbable  silver  wire  had  caused  an  osteoporosis  here  which 
finally  resulted  in  fracture  at  the  instigation  of  an  unusual  strain. 
Casts  and  crutches  were  used  for  a  year  in  the  hop)e  that  the  frac- 
tured graft  would  unite.  In  July,  1914,  fibrous  union  only  had 
occurred,  but  there  was  marked  increase  in  the  size  and  density  of 
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the  transplant.  Fig.  £08  shows  the  somewhat  wild  attempt  of  nature 
to  bring  about  union. 

It  was  decided  again  to  remove  a  piece  of  bone  from  the  sound 
tibia  as  a  graft  to  bridge  the  fracture  in  the  original  transplant,  and 
July  23,  1914,  a  piece  of  bone  2J^  inches  long  by  three-eighths  inch 
wide  was  transplanted.  The  silver  wire  that  was  easily  accessible 
was  removed.     A  cast  was  worn  until  March,  1915,  though  weigh t- 


than  Fig.  200.  four  weelu  after 
the  fracture  of  the  trans- 
plant. 


Fig.  208.— One  year  after 
the  fracture  of  the  transplant. 
Note  the  callous  formation. 


Fig.  209.  —  Restoratiou 
eight  months  after  the  second 
operation.  Note  the  beginning 
formation  of  the  intramedul- 
lary canaL 


bearing  was  permitted  in  three  months.  Fig.  209  shows  the  condi- 
tion April  26, 1915.  Note  the  beginning  formation  of  a  medullary 
cavity  in  the  transplanted  area.  The  child  now  has  complete 
restoration  of  function. 

The  case  is  thought  worthy  of  report  for  the  following  reasons: 


704  MELVIN   S.    HENDERSON 

1.  It  emphasizes  the  fact  that  non-regeneration  frequently 
occurs  after  a  subperiosteal  resection,  as  advised  by  Nichols.^ 

2.  The  operation  as  recommended  by  Phemister^  was  probably 
not  done  on  this  child  at  the  right  time  (two  months  after  onset). 
A  little  later  enough  osteoblasts  and  new  bone  might  have  been 
attached  to  the  periosteum  to  insure  the  regeneration  of  the  entire 
shaft. 

Empirically,  no  definite  time  can  be  set  for  removal  of  the  shaft. 
The  Nichols  operation  probably  is  not  used  as  often  as  it  should  be 
because  of  this  indefiniteness  as  to  the  time  the  shaft  should  be 
removed.  It  would  be  better  to  remove  the  entire  shaft,  especially 
in  children,  ajid  quickly  eradicate  the  disease,  if  we  could  be  at  all 
sure  that  regeneration  from  the  periosteum  would  follow.  While 
in  this  case  the  patient  has  been  submitted  to  three  operations,  she 
now  has  a  practically  normal  tibia  and  not  the  hard  ebumated 
tibia  so  prone  to  reinfection  that  occurs  in  the  old  chronic  cases  at 
osteomyelitis. 

It  may  be  better  to  accept  the  chance  of  non-regeneration  in 
these  cases  of  acute  osteomyelitis  of  the  tibia  involving  the  large 
part  of  the  shaft,  since  bone  transplantation  or  the  use  of  the 
fibula,  as  advised  by  Huntington,^  offers  such  ready  means  of  con- 
trolling the  deformity  and  disability.  But  these  methods  cannot 
so  readily  be  advised,  for  example,  in  the  humerus  and  the  femur, 
for  here  there  is  no  second  bone,  as  the  fibula,  to  assist  in  main- 
taining alinement  and  growth.  However,  this  is  not  an  insur- 
mountable diflBculty. 

3.  Fig.  209  shows  how  the  transplanted  bone  has  taken  on  the 
function  of  normal  bone  and  Fig.  208  shows  its  attempt,  and 
failure,  at  union. 
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OPERATIVE  TREATMENT  OF  BUNIONS  BY 
THE  MAYO  METHOD  * 


MELVIN    S.    HENDERSON 


Definition 
The  bunion  is  a  painful  bursitis  superimposed  on  a  hallux  valgus. 
The  degree  of  hallux  valgus  is  by  no  means  a  criterion  of  the  sever- 
ity of  the  bunion  (Fig.  210).  The  Mayo  operation  for  bunion  is  for 
the  relief  of  the  painful  bursitis,  and  not  a  cosmetic  operation  for 
doing  away  with  the  deformity  of  the  hallux  valgus,  though  inci- 
dentally the  deformity  is  reduced.  For  many  years  the  operation^ 
about  to  be  described  has  been  used  in  the  Mayo  Clinic  and  has 
given  such  satisfactory  results  that  I  think  it  wise  to  empha- 
size its  usefulness. 

Anatomy 
Briefly,  we  may  consider  the  anatomic  findings  in  this  de- 
formity. It  is  not  seen  in  children  who  have  never  worn  stiff 
shoes  nor  is  it  noted  in  individuals  who  have  always  gone  barefoot. 
In  these  normal  feet  the  great  toe  is  in  line  with  or  turns  slightly 
inward  from  the  inner  border  of  the  foot.  It  has  l>een  stated 
that  in  the  bunion  foot  the  great  toe  is  the  longest,  whereas  the 
second  toe  should  be  of  the  same  length  or  even  a  little  longer. 
While  this  is  not  invariably  true,  still  in  this  tyjie  of  foot,  that  is, 
with  the  great  toe  the  longest,  the  deformity  is  often  present.  In 
hallux  valgus  a  line  drawn  through  the  anterofwsterior  axi«  rrf  the 
great  toe  courses  anteriorly  outward  at  an  angle  of  30  degrci***  or 

*  Read  before  the  Section  on  CMhopc<lic  Suripery  at  the  Sixty-«ixth  Annual 
Session  of  the  American  Medical  Xfiottcviium^  San  FramfiAco,  Jun««  191^,     Itf' 
printed  from  Jour.  Amer.  Med.  Amoc^  191^,  \xv,  l1i5(^lS5H, 
'15—45  705 
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more.  The  condition  has  generally  been  caused  by  wearing  too 
short  a  shoe,  and  this  information  is  many  times  voluntarily  given 
by  the  patient.  The  tendon  of  the  extensor  proprius  hallucis 
becomes  displaced  outward  and  further  increases  the  deformity. 
The  pressure  and  irritation  of  the  shoe  cause  more  or  less  of  a 
chafing  action  on  the  skin  over  the  prominent  inner  aspect  of  the 


Fig.  210. — Moderate  hallux  valgus  with  painful  bunion. 

head  of  the  first  metatarsal  bone.  This  irritation  in  many  cases 
causes  a  distinct  hypertrophy  of  the  end  of  the  bone  and  small 
bony  exostoses  occasionally  form.  Nature  comes  to  the  rescue 
with  the  formation  of  a  bursa  and  we  then  have  a  bunion.  It  is 
only  when  this  bursa  becomes  inflamed,  mechanically  or  by  infec- 
tions, that  tenderness  results  and  surgery  is  indicated.  Many 
cases  go  on  to  sepsis.     When  this  occurs,  operation  should  not  be 
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undertaken  until  the  infection  has  completely  subsided.  Complete 
rest  and  alcohol  dressings  usually  promptly  clear  up  the  infection. 
On  top  of  the  bursa  may  come  a  corn,  adding  further  to  the  dis- 
tress and  inconvenience  of  the  patient.  Thus  it  may  be  stated 
that  the  symptoms  depend  not  on  the  deformity,  but  on  the  in- 
flammatory changes  in  the  bursal  sac  causing  oftentimes  continual 
discomfort  and  pain.     The  proximal  phalanx  of  the  first  toe  ar- 


Fig.  211. — a.  Removal  of  head  of  first  metatarsal  bone.  Bunal  flap  dissected  free;  6,  ant^le  at 
which  head  of  metatarsal  b  removed,  showing  short  incision  at  right  angles  to  long  incision.  The  short 
incision  removes  the  hypertrophy  of  the  bone. 


ticulates  often  only  against  part  of  the  head  of  the  first  metatarsal, 
the  inner  portion  of  the  head  impinging  against  the  skin  of  the  inner 
side  of  the  foot.  Often  in  patients  in  middle  life  or  beyond,  rarely 
in  the  young,  there  is  an  associated  arthritis  with  deposits.  These 
patients  do  not  obtain  the  great  relief  accorded  the  non-arthritic 
cases.  They  should  not  on  this  account  be  denied  the  benefits  of 
the  operation,  since  formation  of  the  new  joint  is  a  great  relief. 
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All  cases  of  hallux  valgus  do  not  cause  inconvenience  and  many 
cases  of  moderate  bunion  had  better  not  be  interfered  with  sur- 
gically. Too  often  the  cases  are  passed  over  lightly  by  the  surgeon 
when  the  complaint  is  really  a  serious  and  disabling  one  to  the 
patient  and  demands  surgical  interference.  Bunion  has  long  been 
looked  on  as  a  trifling  condition,  but  to  the  individual  with  the 
pain  it  is  anything  but  trifling. 


Fig.  818. — Head  of  bone  removed.    Bursal  flap  tucked  in  and  approximated  to  periosteum  of  fir«t 
metatarsal  by  two  mattress  sutures  of  chromic  catgut. 


Operations 
Heuter^  advised  excision  of  the  head  of  the  first  metatarsal 
bone  for  the  relief  of  the  condition.  Hamilton^  later  reported 
eleven  cases«and  his  name  is  often  mentioned  in  connection  with 
the  operation.  Schede*  advised  excision  of  the  bursa  and  removal 
of  part  of  the  head  of  the  first  metatarsal  not  in  contact  with  the 
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phalanx.  Barker  and  Reverdin  advised  removal  of  the  exostoses 
and  of  a  wedge  of  the  metatarsal  just  above  the  head.  Various 
other  operations  have  been  suggested,  such  as  removal  of  part 
of  the  proximal  phalanx  and  part  of  the  head  of  the  metatarsal. 
It  has  been  suggested  that  the  head  of  the  metatarsal  bone  be  re- 


Fi^.  213. — Greater  part  of  metatarsal  bead  removed,  leaving  sufficient  of  the  expansion  for  weight 

bearing. 


moved  by  an  incision  between  the  great  and  second  toes,  thus 
doing  away  with  an  incision  on  the  inner  side  of  the  foot.  The 
objection  to  an  incision  on  the  inner  part  of  the  foot  we  have  found 
to  be  theoretic  rather  than  real.  By  making  a  curved  elliptic 
incision  with  the  curve  upward,  it  can  be  so  arranged  that  the 
pressure  of  the  shoe  comes  below  and  not  on  the  line  of  incision. 
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tarsal  phalangeal  joint  of  the  great  toe.  The  skin  is  dissected  back, 
being  careful  not  to  puncture  it.  A  flap  including  the  bursa  is 
then  taken  with  its  base  attached  to  the  proximal  phalanx,  having 
its  convexity  extending  on  to  the  head  of  the  first  metatarsal 
(Fig.  211,  a).  The  fat  is  then  pushed  back  from  around  the  head 
of  the  bone  and  a  large  bone-biter  is  introduced  from  without  in- 
ward, aiming  to  take  off  most  of  the  articulating  surface  of  the  head 
of  the  metatarsal  bone,  leaving  suflScient  of  the  enlarged  end  to 
serve  as  a  weight-bearing  portion  (Fig.  212).  This  bone-biter  is 
introduced  at  an  angle  of  about  75  degrees,  so  that  the  outer  side 
of  the  metatarsal  bone  is  a  little  longer  than  the  inner  side  after 
the  piece  is  removed  (Fig.  213).  With  a  rongeur  bone-biter  the 
prominence  left  on  the  inner  side  is  smoothed  down  (Fig.  211,  b). 
The  flap  is  then  tucked  in  and  the  base  of  the  flap  sewed  to  the 
periosteum  of  the  first  metatarsal  by  two  mattress  sutures  of 
chromic  catgut  (Fig.  212).  This  serves  to  straighten  the  toe  and 
put  it  in  its  proper  line.  The  skin  is  then  closed  with  one  or  two 
sutures  of  silkworm  gut  and  closer  approximation  is  secured  by 
interrupted  horsehair  sutures.  A  pad  of  gauze  is  inserted  between 
the  great  and  second  toes  to  straighten  the  great  toe  (Fig.  214).  A 
dressing  soaked  with  alcohol  is  applied  and  carefully  bandaged. 


After-care 
No  splints  are  necessary.  Pressure  of  the  bedclothes  is  re- 
moved by  the  use  of  half  barrel-hoops.  Twice  daily  the  bandage 
is  opened  enough  at  the  end  of  the  great  toe  to  allow  pouring  in  of 
alcohol,  thus  soaking  the  dressing  and  adding  greatly  to  the  com- 
fort of  the  patient.  Stitches  are  removed  in  a  week,  weight- 
bearing  permitted  in  ten  days,  and  the  patient  encouraged  to  use 
the  feet  as  soon  as  possible.  A  small  pad  of  gauze  or  cotton  is  to 
be  worn  between  the  first  and  second  toes  for  a  few  weeks.  The 
wearing  of  shoes  with  a  proper  straight  inner  side  is  insisted  on. 
All  patients  will  not  follow  this  advice,  but  by  carefully  explaining 
why  it  is  to  be  desired,  the  responsibility  is  then  placed  on  them. 
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TECHNIC 


INTRATRACHEAL  ETHER  ANESTHESIA:  A 
NEW  APPARATUS  AND  INTRATRACHEAL 

TUBE* 


SAMUEL    ROBINSON 


After  a  thorough  trial  the  intratracheal  method  of  administer- 
ing ether  anesthesia  has  justified  its  existence.  There  is  but  one 
contraindication  to  its  use;  namely,  the  presence  of  a  profuse  puru- 
lent bronchial  secretion.     The  method  is  particularly  indicated  in: 

1.  Resections  of  the  upper  or  lower  jaw. 

2.  Resections  of  the  tongue  and  floor  of  the  mouth. 

3.  Operations  on  the  brain. 

4.  Plastic  operations  on  the  face. 

5.  Laryngectomies. 

6.  Difficult  tonsillectomies  requiring  careful  dissection. 

7.  Operations  for  cleft-palate. 

8.  Removing  tumors  of  the  wall  of  the  chest  which  involve  the 
pleura. 

9.  Exploratory  thoracotomies  in  the  absence  of  pleural  ad- 
hesions. 

10.  Transpleural  operations  on  the  heart  and  esophagus. 

11.  Extensive  plastic  procedures  for  chronic  empyema  when 
there  is  restricted  respiratory  function. 

12.  Operations  on  the  lung  in  certain  rare  instances. 

The  definite  reasons  for  the  applicability  of  the  method  in  the 
above-mentioned  instances  are  as  follows: 

1.  In  certain  operations  on  the  head  it  is  convenient  and 
desirable  to  dispense  with  ether  masks,  cones,  and  inhalers  which 

*  Submitted  for  publication  October  21,  1915.  Reprinted  from  Surg.,  Gyn. 
and  Obst..  December,  1915,  774-777. 
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tend  to  soil  the  sterile  field  of  operation,  and  since  they  must 
necessarily  be  removed  intermittently,  uneven  and  generally  in- 
sufficient anesthesia  results. 

2.  To  remove  the  anesthetist  from  the  immediate  field  permits 
greater  accessibility,  thus  facilitating  the  work  of  surgeon  and 
assistants,  and  diminishing  the  possibility  of  errors  in  the  technic  of 
asepsis. 

3.  The  somnolent,  peaceful  breathing  coincident  with  intra- 
tracheal etherization  is  accompanied  by  the  minimum  amount  of 
congestion  of  the  blood-vessels  of  the  head;  hemostasis  is  thus 
favored. 

4.  The  inhalation  of  blood,  mucus,  infectious  material,  and 
bits  of  tissue,  not  uncommon  in  routine  operations  about  the 
mouth  and  a  possible  source  of  complications,  is  prevented  to  a  con- 
siderable extent  by  the  outflowing  escape  of  air  around  the  intra- 
tracheal tube. 

5.  In  certain  thoracic  operations  already  mentioned  in  which 
a  free  pleural  cavity  is  to  be  widely  opened,  it  is  ad\'isable,  and  on 
occasions  imperative,  to  assist  the  respiratory  function  by  insuffla- 
tion of  the  lungs.  If  the  intratracheal  tube  is  already  being  em- 
ployed for  anesthesia,  the  additional  features  of  insufflation  may  be 
added  promptly  by  certain  adjustments  in  the  apparatus. 

6.  The  lungs  of  certain  patients  with  chronic  empyema  are 
restricted  in  aerating  surface.  The  necessary  cramped  posture 
on  the  operating  table  further  limits  the  expansion  of  the  bet- 
ter lung.  During  extensive  plastic  operations  on  such  patients 
cyanosis  is  of  common  occurrence.  The  insufflation  incident  to 
intratracheal  anesthesia  accelerates  the  tidal  air  exchange,  thus 
relieving  cyanosis. 

The  tube  may  be  introduced  into  the  trachea  by  any  one  of 
several  methods: 

1.  A  laryngeal  speculum,  preferably  of  the  Jackson  type,  may 
be  used  to  lift  the  epiglottis  and  to  illuminate  the  vocal  cords, 
between  which  the  tube  may  be  directly  introduced;  an  excellent 
method,  requiring  limited  paraphernalia,  slight  change  of  posture, 
and  moderate  experience  in  the  use  of  the  speculum. 
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2-  A  hollow  steel  introducer  (Cotton)  of  a  caliber  suflScient  to 
contain  the  tube  may  be  used  to  guide  the  tube  across  the  mouth 
and  pharynx  and  to  point  its  tip  in  the  direction  of  the  vocal  cords. 

3.  A  woven  catheter  may  be  passed  directly  into  the  larynx 
by  sense  of  touch.  This  procedure,  owing  to  the  absence  of  any 
guide,  is  difficult  of  execution.  Trauma  may  result  both  from  the 
introduction  and  from  the  presence  of  a  stiff-walled  tube  within 
the  trachea. 

After  sufficient  experience  with  the  above  methods  I  came  to 
these  conclusions:  (1)  That  direct  vision  is  not  essential  for 
prompt  intubation,  and  that  the  speculum  is,  therefore,  super- 
fluous; (2)  that  the  hollow  steel  introducer  is  an  insufficient  guide 


Fig.  215. — ^An  intratracheal  tube.  A  modification  of  a  type  of  urethral  catheter.  B,  Olive> 
tipped,  tempered  steel  stilet  to  guide  intubation.  C,  End  of  tracheal  tube.  Hollow  cup  at  tip  for  olive 
stilet;  two  side  eyes. 

to  the  tip  of  the  tube;  (3)  that  a  tempered  steel  stilet  within  the 
lumen  of  the  tube  and  reaching  to  its  very  tip  serves  as  a  more 
effective  guide;  (4)  that  an*  inlying  soft-rubber  tube  might  cause 
less  irritation  to  the  tracheal  membrane  than  a  woven  catheter. 

Slight  alterations  in  a  certain  type  of  stiletted  soft-rubber 
urologic  catheter  were  sufficient  to  provide  the  tube  and  stilet  (Ey- 
nard)  (Fig.  2 15) .  The  lumen  of  the  tube  is  of  greater  proportionate 
diameter  to  the  outside  diameter  of  the  tube  than  is  found  in  the 
usual  soft-rubber  urethral  catheter.  There  are  two  side  eyes,  pro- 
vided as  a  safeguard  against  obstruction  to  the  inflowing  air  and 
ether.  The  tip  of  the  tube  (Fig.  215,  C)  is  made  hollow,  and  pro- 
vides a  hollow  cup  to  retain  the  olive  tip  of  the  steel  stilet,  while  the 
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urethral  catheter  is  generally  solid  at  the  tip,  the  lumen  terminating 
in  the  side  eye.  These  tracheal  tubes  are  now  manufactured  in 
sizes  from  Nos.  21  to  24  F. 

Technic  of  Intubation. — The  stilet  is  bent  to  a  curve  adapted  to 
the  patient  to  be  intubated.  It  is  then  smeared  with  a  thin  coat 
of  vaselin  and  inserted  into  the  tube,  care  being  exercised  that  the 
olive  tip  of  the  stilet  is  implanted  accurately  in  the  cupped  end  of 
the  tube  (Fig.  215,  C).  The  tube  is  stretched  gently  along  the  shaft 
of  the  stilet  and  held  thus  by  the  spring  grip  of  the  stilet  handle 
(Fig.  215,  A).     The  outside  of  the  tube  is  then  lubricated. 

The  patient  lying  in  the  flat  dorsal  posture  is  anesthetized  to 
the  point  of  complete  muscular  relaxation.  The  head  is  raised 
with  a  two-inch  pillow  and  so  placed  that  the  face  points  directly 
upward.  The  intubator  stands  at  the  patient's  right — the  assistant 
opposite.  The  jaws  are  well  separated  with  a  side  mouth-gag. 
The  tongue,  seized  with  rubber-tipped  tongue  forceps,  is  drawn  for- 
ward. The  assistant  holds  the  gag  in  his  right  hand — the  forceps 
in  the  left.  The  intubator  then  inserts  his  left  forefinger  into  the 
pharynx  and  lifts  the  epiglottis  forward.  With  the  right  hand  he 
gently  introduces  the  stiletted  tracheal  tube  across  the  mouth 
and  pharynx,  with  care  that  the  plane  of  the  tube  is  accurately 
in  the  median  line.  He  then  causes  the  tip  to  pass  behind  the 
forefinger  now  supporting  the  epiglottis.  If  properly  directed,  the 
tube  meets  obstruction  at  this  point.  The  vocal  cords  will  ap- 
proximate themselves  in  response  to  the  irritating  contact  with  the 
tube  end.  Gentle  manipulation  is  indicated  here:  trauma  only 
increases  the  spasm  of  the  cords.  Suddenly  the  tube  should  slip 
between  them,  at  which  moment  the  patient,  unless  very  deeply 
anesthetized,  will  cough  spasmodically.  This  alone  is  ample  e\n- 
dence  that  the  tube  has  entered  the  larynx.  With  the  handle  grip 
released  the  stilet  is  cautiously  withdrawn  with  the  right  hand,  the 
left  synchronously  sliding  the  tracheal  tube  over  the  stilet  into  the 
trachea.  Under  deep  anesthesia  or  previous  laryngeal  cocainiza- 
tion  the  entrance  of  the  tube  may  cause  no  reflex  spasms.  Doubt 
may  thus  arise  as  to  whether  the  tube  is  in  the  trachea  or  the 
esophagus.     The  intubator  then  places  the  oral  end  of  the  tube 
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against  his  cheek.  If  the  tube  is  in  proper  position,  he  will  note 
intermittent  breaths  escaping  from  it  synchronous  with  expiration. 
Meltzer  refers  to  this  as  an  unreliable  test,  explaining  that  an 
esophageal   breathing   also  occurs  and   may   produce   the  same 


Fig.  416. — An  ether- vaporizing  apparatus  for  intratracheal  anesthesia. 

phenomenon.  Therefore  he  suggests  that  the  tube  be  conducted 
well  down  into  the  throat.  If  it  meets  obstruction  at  a  deep  level 
it  may  be  concluded  that  the  trachea  has  been  entered  and  that 
the  obstructing  element  is  the  bifurcation,  at  which  moment  it  is 
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withdrawn  two  inches  to  its  proper  final  position.  If,  on  the  con- 
trary, no  obstruction  is  met  in  this  experiment,  it  is  presumed  that 
the  tube  has  entered  the  esophagus.     Experience  nevertheless 


Fig.  217. — Ether- vaporizing  apparatus,  showing  details  of  upper  portion. 


soon  teaches  one  to  gather  definite  and  prompt  conclusions  as  to 
the  success  of  his  intubation  from  the  aggregate  indications. 

If  the  intubation  has  prompted  spasm  and  coughing,  it  is  some- 
times preferable  to  reapply  the  ether  mask  or  cone  for  a  minute 
before  connecting  the  vaporizing  apparatus  with  the  tube. 
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Vajxyrizing  Apparatus, — ^There  are  many  forms  of  vaporizing 
apparatus  to  provide  anesthesia  when  connected  with  an  intra- 
tracheal tube.  They  vary  in  size,  design,  mechanism,  and  cost, 
but  from  the  point  of  view  of  adequacy  of  function,  they  may  be 
said  to  be  equally  eflScient.  Certain  features  in  the  vaporizing 
machines,  once  regarded  as  essential,  have  proved  to  be  super- 
fluous: 

1.  It  was  supposed  that  the  entering  air  and  ether  mixture 
must  be  moistened  by  passing  through  water,  thus  supposedly 
imitating  a  function  ordinarily  performed  by  the  pharynx.  Appa- 
ratus devoid  of  such  water-baths  have  now  long  been  used  without 
harm  and  with  equal  efficiency. 

2.  The  earlier  machines  were  fitted  with  connections  to  warm 
the  entering  mixture  of  ether  vapor.  It  has  since  been  shown  that 
it  is  not  only  quite  impossible  to  accomplish  this,  but  also  that  a 
mixture  arising  from  a  volume  of  liquid  ether  the  temperature  of 
which  has  been  lowered  sufficiently  to  cause  frosting  on  the  out- 
side of  its  glass  container,  is  yet  harmless  to  the  air-passages. 

3.  Heat  devices  are  yet  employed  in  apparatus  to  prevent  too 
great  a  lowering  of  the  ether  temperature.  The  object  of  this, 
however,  is  solely  to  facilitate  the  vaporizing  of  the  ether  and  thus 
to  economize  in  the  amount  of  the  liquid  consumed. 

4.  Bacterial  filters  were  advocated,  but  there  is  no  evidence 
that  the  use  of  machines  not  thus  provided  has  resulted  in  any 
untimely  effects. 

Therefore,  simplicity  of  design  and  increasing  lack  of  cumber- 
someness  in  apparatus  has  resulted  from  six  years  of  clinical  ap- 
plication of  this  interesting  method  of  anesthetizing. 

The  apparatus  illustrated  in  the  accompanying  photographs 
(Figs.  216  and  217)  is  remodeled  from  one  previously  described  by 
the  writer.*  There  are  no  particularly  original  features  in  its  con- 
struction, and  yet  it  is  presented  because  it  has  proved  itself  in  a 
series  of  500  cases  to  be  safe,  useful,  and  reliable. 

*  Apparatus  for  thoracic  surgery  under  intratracheal  insufflation  or  positive 
pressure,  etc. 
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STAINING  SECTIONS  OF  LIVING  TISSUE, 
UNFIXED  * 
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The  fixation  of  tissues  by  rapid  killing  and  hardening  before 
further  preparing  them  for  the  microscope  is  now  universally  con- 
ceded as  a  necessary  process  in  the  study  of  many  cell  structures. 
It  produces  variations  in  the  degree  of  refraction  and  degree  of 
imbibition  of  cells  and  of  portions  of  cells,  thus  making  possible 
their  optical  differentiation.  It  also  prevents  postmortem  changes 
in  cells,  preserving  their  structures  so  that  they  may  be  studied 
at  leisure.  By  coagulating  fluids  and  by  rendering  insoluble  cer- 
tain tissue  elements,  fixation  prevents  their  removal  during  subse- 
quent manipulations.  By  the  intelligent  choice  of  proper  fixatives 
and  other  reagents  we  may  kill,  harden,  and  prepare  for  the  micro- 
scope almost  any  tissue  without  greatly  altering  the  relative  size 
or  shape  of  its  cell  elements.  The  changes  in  refractive  indices 
and  in  color  reactions,  while  artificial,  are  not  necessarily  mislead- 
ing, though  our  concepts  of  the  normal  relations  of  cells  are  no 
doubt  often  greatly  exaggerated. 

While  conceding  the  necessity  for  fixation  in  almost  all  instances 
for  fine  cell  study,  histologists  are  well  aware  of  the  desirability  of 
studying  living  cells  with  the  least  possible  manipulation.  But 
living  cells  are  indistinctly  marked  off  from  each  other,  and  their 
complex  internal  structures  have  almost  exactly  similar  refractive 
indices  and  little  or  no  color  variations.  Thus,  the  microscopic 
examination  of  untreated  living  tissues,  in  other  than  ultraviolet 
light,  quickly  runs  counter  to  certain  fixed  principles  of  physical 

*  Submitted  for  publication  August  11,  1915.  Reprinted  from  the  Journal  of 
Laboratory  and  Clinical  Medicine,  1915,  i,  40-45. 
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optics.  Our  problem  then  is  the  production  of  variations  of  color 
and  refraction  with  the  least  violence  to  the  cell  and  without 
coagulating  its  protoplasm. 

That  cells  may  be  stained  in  the  living  animal  has  been  abun- 
dantly shown  by  Ehrlich,^  S.  Mayer,^  Apathy,'  Bethe,*  and  others. 
More  recently  the  physiochemical  processes  by  which  living  cells 
are  stained  have  been  studied  by  many  observers,  among  them 
Kiyono,^  Michaelis,®  and  Evans  and  Schulemann.^  The  latter  ob- 
servers have  shown  that  the  chemical  constitution  of  benzidin 
dyes  is  of  no  influence  on  the  capacity  of  the  dyes  to  act  as  vital 
stains  except  as  it  affects  the  physical  state  of  the  solutions  of  the 
dyes.  Such  dyes  are  taken  into  certain  living  cells  by  the  same 
forces  concerned  in  the  reception  of  large  particles  (bacteria,  car- 
bon, etc.)  into  cells,  forces  based  upon  alterations  in  surface  ten- 
sion. The  diffusibility  of  the  stain  determines  only  its  capacity 
to  reach  the  cells  in  a  living  organism.  Its  inclusion  by  these  cells 
is  not  dependent  upon  a  characteristic  of  the  stain  itself,  but  upon 
the  vital  functions  of  the  cells. 

Thus,  by  what  has  long  been  known  as  "phagocytic  action" 
living  cells  take  up  certain  dyes,  but  the  process  is  a  slow  one  and 
the  ultra-microscopic  particles  of  "colloid"  solutions  of  the  dyes 
are  apt  to  be  so  grouped  in  the  cells  as  to  form  definite  microscopic 
masses,  which  may  be  mistaken  for  cell  structures.  This  method 
of  true  vital  staining  has  great  possibilities,  and  its  application  is 
yet  in  its  infancy.  Its  greatest  interest,  however,  apparently  lies 
in  its  biologic  aspects,  that  is,  as  an  indicator  of  the  differentiation 
of  the  functions  of  the  various  cells  in  the  living  body.  The 
morphologist,  and  especially  the  pathologist  making  microscopic 
examinations  of  operative  material  and  working  in  as  speedy  a 
manner  as  possible,  will  find  more  use  for  methods  based  on  the 
principle  of  staining  living  cells  whose  surface  tensions  are  already 
altered,  permitting  rapid  imbibition  of  dyes. 

Many  living  cells  which  will  not  take  up  certain  stains  may  be 
made  to  imbibe  them  by  even  so  slight  an  alteration  of  surface 
tension  as  may  be  produced  by  shaking  the  cover-glass  on  the 
preparation.     Tissue  freshly  removed  from  the  living  body  is  still 
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alive  and  remains  so  even  after  it  has  been  quickly  frozen,  but  the 
surface  tension  of  the  cells  of  the  tissue  has  apparently  been 
materially  altered  by  the  cutting  ofiF  of  the  blood-supply  and  by  the 
freezing  process.  This  alteration  of  the  surface  tension  of  the  cells 
permits  the  rapid  imbibition  of  certain  stains,  while  at  the  same 
time  the  size  and  shape  of  the  cells  may  have  been  altered  in  only 
a  very  slight  degree,  if  at  all,  by  the  anemia  and  freezing.  Theo- 
retically it  should  be  possible  thus  to  find  just  such  a  stage  in  cells, 
which  are  dying  but  yet  not  dead,  that  would  permit  of  their  differ- 
ential staining  while  all  their  structures  were  fairly  normal  in  size 
and  shape.  Any  such  method  must,  of  course,  fail  both  in  the 
temporary  preservation  of  the  soluble  elements  of  the  tissue  and 
in  the  permanent  preservation  of  any  of  the  tissue  unless  there 
is  subsequent  "fixation"  (that  is,  coagulation  of  the  proteins). 
Yet  such  a  method  may  give  not  only  quickly  obtainable  pictures 
of  the  normal  size,  shape,  and  arrangement  of  the  cells,  but  also 
important  details  of  the  normal  internal  structure  of  cells,  supple- 
menting, and  in  some  instances  correcting,  our  concepts  obtained 
from  the  study  of  fixed  tissues. 

Ten  years  ago,  in  seeking  some  means  of  rapidly  staining  patho- 
logic specimens  as  they  came  from  the  operating  room  that  a 
diagnosis  might  be  given  while  the  patient  was  still  on  the  table, 
to  guide  the  surgeon  in  his  further  operative  procedure,  I  worked 
out,  from  the  basis  of  Bethe's  methylene-blue  intravitam  staining, 
a  method  which  has  since  proved  very  satisfactory.  It  has  been 
published  twice  before,®  but  it  may  not  be  amiss  to  reproduce  it 
here  for  the  sake  of  those  not  familiar  with  it. 

Details  of  Method  of  Staining 

1.  Freeze  bits  of  fresh  tissue,  not  more  than  2  by  10  by  10  mm., 
in  dextrin  solution  and  cut  sections  5  to  15  microns  thick. 

2.  Remove  the  sections  from  the  knife  with  the  tip  of  the  finger 
and  allow  them  to  thaw  thereon. 

3.  Unroll  the  sections  with  a  camel's-hair  brush  or  glass  lifter 
in  1  per  cent,  sodium  chlorid  solution. 
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4.  Stain  ten  to  twenty  seconds  in  Unna's  polychrome  methy- 
lene-blue. 

5.  Wash  out  momentarily  in  fresh  1  per  cent,  sodium  chlorid 
solution. 

6.  Mount  in  Bruns'  glucose  medium. 

The  tissue  must  be  fresh,  that  is,  the  cells  must  be  still  alive, 
and  hence  present  no  cytolytic  changes.  Almost  all  tissues  which 
we  examine  have  been  removed  from  the  body  not  more  than  five 
minutes,  and  usually  not  more  than  two  minutes  before  they  are 
frozen.  However,  we  have  gotten  fair  preparations  in  some 
instances  from  tissues  that  have  been  from  one  to  two  hours  out 
of  the  body.  If  kept  in  the  ice-chest  under  proper  conditions,  they 
may  be  stained  after  a  still  longer  period.  Most  failures  are  due 
to  the  fact  that  the  cells  are  dead  before  the  tissues  are  frozen. 

The  dextrin  solution  is  prepared  by  stirring  dry  dextrin  into 
boiling  water  until  the  mixture  is  about  the  consistence  of  com- 
mercial maple  syrup.  Five-tenths  per  cent,  of  phenol  may  be 
added  in  warm  weather. 

The  ether  freezing  microtome  is  an  unsatisfactory  makeshift. 
Now,  that  tanks  of  carbon  dioxid  may  be  procured  in  every  town 
which  has  a  soda  fountain,  there  is  no  longer  any  excuse  for  the 
use  of  the  ether  instrument.  The  microtome  should  l>e  a  well- 
made  machine,  capable  of  cutting  to  five  microns,  though  sections 
of  many  tissues  cannot  be  handled  quite  so  thin.  In  our  experi- 
ence, the  best  instrument  for  the  purpose  is  the  Spencer  Auto- 
matic, though  good  results  may  also  be  obtained  with  the  Sartorius, 
the  Leitz,  and  the  new  Bausch  and  Lomb  instruments  with  mechan- 
ical knife  carriers.  A  freezing  microtome  which  is  in  constant 
service  in  a  laboratory  in  connection  with  a  surgical  clinic  receives 
hard  usage,  and  its  parts  therefore  must  ))e  strong  and  well  made. 
The  valve  for  controlling  the  gas  is  apt  to  bec;ome  quickly  worn  and 
leaky.  This  valve  is  more  convenient  if  placed  at  the  micTotome 
and  not  at  the  tank.  It  should  have  a  long,  flat,  T-shafied  handle 
for  ease  of  operation.  WTiatever  style  of  micTotome  is  usc*d,  the 
metal  plate  on  which  the  tissue  is  frozen  should  lie  insulated  in 
some  manner  from  the  metal  parts  of  the  remainder  of  the  ap- 
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paratus.     This  prevents  the  heat  being  transferred  between  the 
two,  makes  less  gas  necessary,  and  keeps  the  tissue  frozen  longer. 

The  carbon  dioxid  tank  should  be  suspended  on  metal  hooks  or 
brackets  underneath  the  table  on  which  the  microtome  is  placed. 
Thus,  the  small  amount  of  dirty  water  which  is  present  in  many 
tanks  will  not  find  its  way  into  and  clog  the  valve  of  the  freezing 
chamber,  as  it  is  apt  to  do  when  the  gas  tank  is  placed  in  a  vertical 
position  above  the  work-table. 

In  freezing,  the  gas  should  not  be  turned  on  in  a  large  stream 
and  allowed  to  flow  until  the  tissue  is  frozen.  Much  gas  can  be 
saved  and  much  more  satisfactory  preparations  made  if  it  is  turned 
on  in  intermittent  spurts,  giving  time  for  the  tissue  to  freeze  more 
slowly,  and  thus  more  evenly  throughout.  It  should  not  be  frozen 
more  solidly  than  is  necessary  for  cutting.  When  this  occurs,  how- 
ever, the  upper  layer  may  be  thawed  slightly  by  placing  the  finger 
on  the  tissue. 

The  sections  should  be  cut  by  rapidly  repeated  strokes,  not  per- 
mitting the  surface  of  the  tissue  to  thaw  after  each  cut.  A  half 
dozen  or  more  should  be  cut,  and  the  first  ones  rejected,  insuring 
sections  of  even  and  uniform  thickness. 

In  trimming  out  blocks  of  tissue  for  freezing,  the  pieces  of  tissue 
should  be  not  more  than  2  mm.  in  thickness,  and  the  transverse 
diameter  should  be  as  small  as  is  possible  and  still  include  the  de- 
sired field  of  examination.  The  smaller  the  block  down  to  2  mm., 
the  better  the  sections,  and  the  more  easily  they  may  be  handled. 
In  general  the  blocks  should  be  so  trimmed  that  the  sections  when 
cut  will  be  rectangular  or  rounded,  rather  than  triangular  in  out- 
line. Unless  the  block  is  more  than  1  cm.  in  transverse  diameter, 
the  long  edge  should  be  so  placed  on  the  freezing  plate  that  the 
knife-edge  will  strike  it  parallel.  Where  blocks  are  more  than  1 
cm.  in  transverse  diameter,  a  shorter  edge  may  be  placed  so  as  to 
first  come  in  contact  with  the  knife.  When  very  minute  bits  of 
tissue  are  to  be  frozen,  it  is  best  to  partially  freeze  a  small  amount 
of  dextrin  solution  first,  and  then  place  the  tissue  on  top  of  it,  thus 
keeping  it  1  mm.  or  more  away  from  the  metal  freezing  plate  and 
avoiding  contact  of  the  knife  therewith. 
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The  knife-edge  must  be  as  sharp  as  it  is  possible  to  make  it. 
The  blade  should  be  very  rigid,  preferably  wedge-shaped,  and  not 
hollow-ground.  We  have  attempted  to  use  safety-razor  blades  in 
special  holders,  but  have  found  them  to  vibrate  altogether  too  much. 
Several  blades,  not  less  than  four,  should  be  provided  for  each 
microtome,  since  the  edges  are  dulled  very  quickly  with  the  best 
of  tissues,  and  routine  blocks  are  apt  to  contain  unsuspected  calci- 
fied areas.  Reserve  cylinders  of  carbon  dioxid  should  also  be  kept 
in  some  nearby  cool  place,  so  that  they  may  be  changed  rapidly  if 
necessary. 

When  sections  are  removed  from  the  knife  with  the  tip  of  the 
finger  and  allowed  to  thaw  thereon,  a  process  which  may  be 
hastened  by  breathing  on  them,  air-bubbles  are  less  apt  to  form 
than  if  they  are  removed  with  a  brush  and  placed  immediately  in 
salt  solution.  As  the  sections  go  into  the  salt  solution,  they  are 
usually  more  or  less  rolled  up,  and  must  be  straightened  out  by 
gentle  manipulation  by  moving  them  up  and  down  either  with  a 
small  camel's-hair  brush  or  with  a  bent  glass  lifter  with  a  dull 
point.  This  is  best  done  in  a  clear  glass  dish  over  a  black  back- 
ground, permitting  the  unstained  sections  to  be  readily  seen. 

When  the  sections  have  been  straightened  out,  they  should  be 
caught  under  the  middle  with  a  small  bent  glass  rod  lifter  and 
transferred  to  the  stain.  If,  in  the  stain,  a  direct  up-and-down 
motion  is  made  with  the  lifter,  the  section  will  remain  thereon,  the 
folded  portions  merely  "flapping"  in  the  stain.  Occasionally  a 
section  will  be  lost  off  the  lifter.  If  the  receptacle  holding  the 
stain  is  large,  much  time  may  be  lost  and  the  section  injured 
in  finding  it.  This  may  be  obviated  to  a  considerable  extent 
by  using  a  very  small  receptacle,  of  not  more  than  10  c.c. 
capacity,  with  a  rounded  bottom.  Small  individual  glass  salt- 
cellars and  the  small  porcelain  teacups  from  a  set  of  doll's  dishes 
are  quite  convenient.  The  bent  portion  of  the  glass  lifter  should 
be  less  than  l}4  cin-  lo^ig  and  the  end  should  be  rounded  in  the 
flame. 

We  have  never  yet  gotten  an  unsatisfactory  lot  of  Unna's  poly- 
chrome methylene-blue  direct  from  Griibler,  while  at  the  same  time 
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we  have  gotten  one  or  more  unsatisfactory  specimens  from  every 
other  dealer  from  whom  we  have  purchased,  even  when  the  stain 
was  said  to  have  been  made  by  Griibler  and  rebottled  by  the  sell- 
ing firm.  Now  that  the  German  supply  is  temporarily  cut  off,  we 
are  making  our  own.  The  secret  of  success  seems  to  be  in  taking 
a  large  quantity  of  Unna's  alkaline  methylene-blue  (methylene- 
blue  1;  carbonate  of  potassium,  1;  water,  100)  and  allowing  it  to 
ripen  for  from  six  months  to  a  year  with  the  largest  surface  possible 
exposed  to  the  air  in  a  flask  stoppered  only  with  cotton.  When  the 
stain  is  properly  ripened,  it  contains  a  considerable  portion  of 
methylene  red,  and  should  give  sharply  differentiated  dark  blue, 
purple,  and  pinkish  red  color-contrasts  with  fresh  tissue.  The 
stain,  even  in  5  or  10  c.c.  amounts,  may  be  used  over  and  over 
again,  but  should  be  discarded  when  it  shows  a  precipitate  or  when 
it  no  longer  gives  sharp  color-contrasts. 

The  sodium  chlorid  solution,  which  is  used  for  washing  out  the 
gross  excess  of  stain,  should  be  contained  in  a  white  porcelain  dish, 
or  if  in  a  clear  glass  receptacle,  this  should  be  over  a  white  surface. 
In  this  manner  the  evenness  of  staining  and  the  general  appearance 
of  the  sections  may  be  more  readily  seen. 

Bruns'  glucose  medium  is  prepared  as  follows:  Distilled  water, 
140  c.c;  camphorated  spirit,  10  c.c;  glucose,  40  gm.;  glycerin, 
10  c.c. 

Mix  the  hot  water,  glucose,  and  glycerin  thoroughly,  add  the 
spirit,  shake  and  filter  to  remove  the  excess  of  camphor  which  is 
precipitated  on  mixing.  The  solution  should  be  kept  in  relatively 
small  stoppered  bottles.  In  warm  weather  a  crystal  of  thymol 
may  be  added  to  prevent  the  growth  of  molds.  The  solution  is 
cheap,  and  should  be  thrown  away  as  soon  as  it  becomes  colored 
with  dye. 

Sections  are  most  conveniently  spread  out  and  transferred  to 
the  slide  if  the  solution  is  contained  in  a  long  narrow  porcelain 
dish  about  1  inch  deep  by  13<4  by  4  inches.  These  may  be  obtained 
in  the  market  as  white  porcelain  match-trays. 

The  section  should  be  moved  about  in  the  glucose  medium  for 
a  few  seconds,  not  only  to  straighten  it  out  but  also  to  obtain  better 
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differentiation.  The  end  of  the  glass  slide  is  then  slipped  under  it, 
the  edge  of  the  section  held  to  the  slide  by  the  lifter,  and  the  whole 
preparation,  raised  out  of  the  solution.  The  excess  of  glucose 
medium  is  wiped  off  from  underneath  the  slide  and  around  the 
section,  the  cover  dropped  on,  and  the  preparation  is  ready  for 
the  microscope. 

All  the  steps  of  the  process  may  be  carried  out  in  one  minute 
from  the  time  the  tissue  is  placed  on  the  freezing  plate  of  the  micro- 
tome until  the  slide  is  placed  on  the  stage  of  the  microscope.  Vari- 
ous tissue  elements  should  be  thoroughly  contrasted  in  pink,  red, 
purple,  and  dark  blue.  Mitotic  figures,  when  present,  are  beauti- 
fully shown.     Many  bacteria  are  stained. 

The  method,  as  given  above,  has  been  used  for  diagnostic 
purposes  and  for  the  study  of  fresh  tissues  in  the  laboratories  of  the 
Mayo  Clinic  for  more  than  ten  years.  During  that  period  it  has 
been  frequently  modified  by  members  of  the  laboratory  staff. 
All  such  modifications,  however,  have  been  abandoned  and  the 
original  method  returned  to.  Probably  the  most  useful  modifica- 
tion is  one  which  we  used  several  years  ago,  and  which  has  subse- 
quently been  independently  developed  and  published  by  Pierce.* 
This  consists  in  the  substitution  of  distilled  water  for  the  sodium 
chlorid  solution,  and  of  carbolthioninfor  the  polychrome  methylene- 
blue  stain.  The  carbolthionin  stain  may  be  more  quickly  prepared 
than  the  polychrome  methylene-blue,  and  is  perhaps  more  stable. 
Bacteria  are  stained  by  it  a  little  more  sharply  than  by  polychrome 
methylene-blue.  However,  sections  must  not  be  left  overlong  in 
the  stain,  which  contains  ^}/2  per  cent,  phenol. 

Sections  stained  by  the  polychrome  methylene-blue  method 
remain  in  excellent  shape  for  two  or  three  hours  after  the  tissue  has 
been  removed  from  the  body, and  maybe  in  fairly  good  condition, 
if  kept  cool,  for  a  day  or  two.  No  satisfactory  method  has  as  yet 
been  devised  whereby  desirable  sections  can  be  fixed  and  pre- 
served after  staining  in  this  manner.  Success  in  this  direction 
probably  lies  along  the  lines  indicated  in  Bethe's  original  method 
for  the  fixation  of  tissues  vitally  stained  by  injections  of  methylene- 
blue. 
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A  DEVICE  FOR  HOLDING  SOLUTION  BOTTLES 
IN  OPERATING  ROOMS  * 

DONALD    C.    BALFOUR 


Each  bottle  shown  in  the  accompanying  photographs  has 
as  its  feature  a  combination  handle  and  corking  device  which 
can  easily  be  detached  from  the  bottle  and  sterilized.  The  chief 
advantage,  therefore,  is  that  the  handle,  being  sterile,  the  surgeon 


Fig.  218. — Method  of  attaching  stoppers. 


or  assistant  may  readily  obtain  more  iodin  before  or  during  an 
operation  without  the  soiling  of  gloves.  To  those  using  the  benzin, 
iodin  and  alcohol  method  of  skin  preparation,  for  which  the  ap- 
paratus is  especially  adapted^  other  points  of  advantage  are  quite 

*  Reprinted  from  Jour.  Amer.  Med.  Assoc.,  1915,  Ixiv,  584. 
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obvious,  for  instance,  evaporation  is  prevented  (the  handle  being 
equipped  with  a  spring),  solutions  are  not  wasted,  bottles  are  not 


Fig.  210. — Stoppers  in  place  and  bottles  in  use. 


broken,  and  time  and  trouble  are  saved  the  operating-room  per- 
sonnel. 


A  SIMPLE  OPERATING  MALLET 

HENRY   W.   MEVERDING 


In  surgery  of  the  bone  it  is  imj>ortant  to  be  able  to  watch  the 
cutting  edge  of  the  cliis^L  and  a^-cnirately  to  gage  the  force  of  the 
blow  without  danger  of  striking  the  hand  and  tearing  the  glove. 
The  mallet  of  my  design  here  illustrated  has  been  used  with  satis- 
faction for  several  vears  in  the  Mavo  Clinic,     It  is  an  allov  of  zinc. 


Fig.  ?«.— Operating  millet. 

copper,  and  aluminum  so  composed  that  the  metallic  ring  of  the 
hammer  is  avoided,  so  shaped  as  to  allow  a  firm  grip,  and  heavy 
enough  to  deliver  a  forceful  blow.  It  measures  8  inches  in  length, 
and  the  diameters  are  2}  o  inches  at  the  head  and  1^4  inches  at  the 
handle. 

*  Reprinted  from  Jour.  Amer.  Med.  Assoc.,  1915.  Ixv,  1181. 
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DESCRIPTION  OF  A  SELF-RETAINING  BLAD- 
DER RETRACTOR* 

JAMES  C.  MASSON 


In  all  surgical  operations  on  the  bladder  good  exposure  is  a  very 
important  factor,  and  to  accomplish  this  a  great  many  instruments 
have  been  devised.  In  our  experience  the  lateral  retractors  of  the 
Walker  type  have  been  the  most  practical;  but  they  have  the  ob- 


Fig.  Wl. — Instrument  ready  to  insert. 

jection  of  requiring  extra  assistants.  To  avoid  this  we  have  ap- 
plied the  same  type  of  blades  to  a  self-retaining  retractor.  When 
the  instrument  is  closed,  the  upper  parts  of  the  blades  dovetail 
into  one  another  to  help  in  inserting.  They  are  attached  to  the 
rest  of  the  retractor  by  pivot-joints,  allowing  free  movement,  which 
is  a  great  convenience,  as  the  body  of  the  retractor  can  be  turned  to 

*  Reprinted  from  Surg.,  G>ti.  and  Obsl..  1916,  xxii,  357. 
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where  it  is  least  in  the  way  of  the  operator.  By  spreading  the 
retractor  and  holding  the  fundus  well  back  with  a  long  tongue- 
depressor  in  the  hand  of  an  assistant,  the  operator  can  see  the 


Fig.  m. — Instrument  in  place. 


entire  interior  of  the  bladder.  The  retractor  is  especially  useful  for 
exposure  in  removing  neoplasms  of  the  bladder  and  in  suturing  the 
capsule  following  the  removal  of  adenomatous  hypertrophy  of  the 
prostate  (Figs.  221  and  222). 


GENERAL  PAPERS 
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SHOCK  AND  HEMORRHAGE:  AN  EXPERI- 
MENTAL STUDY* 

FRANK    C.    MANN 


The  experimental  study  of  the  phenomenon  termed  "surgical 
shock"  is  diflBcult  because  what  constitutes  shock  has  never  been 
very  clearly  defined.  This  has  led  to  many  conflicting  data  and 
diverse  theories.  It  is  necessary,  therefore,  to  define  carefully 
what  is  meant  by  "surgical  shock"  and  to  prescribe  the  limits  of 
its  clinical  application. 

In  a  previous  article  ^  I  have  outlined  the  exp>erimental  condi- 
tions under  which  could  be  made  a  study  of  the  syndrome  of  post- 
operative shock.  In  order  to  give  definite  value  to  the  work, 
two  factors  have  been  closely  observ^ed:  (1)  A  uniform  method 
of  producing  shock;  and  (2)  the  reduction  of  the  animal  to  the 
condition  of  shock  as  defined  in  my  previous  study  of  the  sub- 
ject; i.  e.:  (a)  great  loss  of  sensibility;  (6)  pallor  of  mucous  mem- 
branes; (c)  small,  weak  pulse;  (d)  irregular,  rapid,  shallow,  or 
gasping  respiration;   and  {e)  materially  lowered  blood-pressure. 

In  regard  to  the  first  factor,  I  have  pointed  out  the  impracti- 
cability of  attempting  to  produce,  by  traumatizing  nerve-trunks, 
joints,  etc.,  the  condition  in  which  the  clinical  signs  of  shock  are 
present.  The  only  uniform  method  of  producing  shock  experi- 
mentally is  to  op>en  the  abdomen  and  expose  the  viscera.  It  is 
obvious  that  only  the  condition  known  as  post-op>erative  shock  can 
be  the  subject  of  experimental  investigation.  Psychic  shock  and 
the  use  of  the  term  as  applied  to  railway  accidents  are  not  subjects 
for  experimental  observation,  and  it  is  futile  to  seek  a  common 
cause  for  all  these  varied  manifestations. 

»  Reprinted  from  Surg.,  Gyn.  and  Obst.,  1915,  xxi,  430-441. 
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All  my  data  on  shock  have  been  secured  from  experiments  on 
animals  in  which  the  clinical  signs,  as  enumerated,  appeared  when 
the  viscera  were  exposed.  These  results  are  comparable  with  those 
obtained  by  other  experimental  observers  inasmuch  as  most  ob- 
servers have  produced  shock  by  visceral  traumatization.  Clin- 
ically my  results  may  be  applied  to  the  shock  produced  during 
operation. 

It  is  generally  conceded  by  clinical  and  experimental  investi- 
gators that  shock  is  in  some  manner  associated  with  circulatory 
failure,  due  either  to  a  cardiac  or  vasomotor  impairment.  In  either 
case  overstimulation  of  the  nervous  system  has  been  considered 
the  cause  of  this  profound  depression  of  the  circulation.  Numerous 
experiments  have  established  the  fact  that  the  heart  is  not  pri- 
marily impaired  in  shock,  but  is  able  to  do  its  work  efficiently  if 
enough  blood  is  returned  to  it.  It  has  been  almost  as  conclusively 
proved  that  the  vasomotor  center  is  not  fatigued  or  exhausted. 
On  the  contrary,  this  center  is  probably  in  a  state  of  hyperirri- 
tability  until  the  condition  is  moribund  and  is  vainly  striving  to 
maintain  blood-pressure  at  its  normal  level. 

Henderson^  has  pointed  out  that  stagnation  of  the  circulation 
does  not  necessarily  mean  cardiac  or  vasomotor  failure.  He  em- 
phasizes the  fact  that  it  is  the  function  of  the  heart  to  pump  and 
the  function  of  the  vasomotor  system  to  regulate  peripheral  re- 
sistance. Given  a  sufficient  amount  of  blood,  equilibrium  is  pre- 
served, and  these  two  factors  are  able  to  maintain  a  normal  blood- 
pressure.  However,  at  a  point  of  its  cycle  distal  to  the  arterioles 
in  the  capillaries  and  venous  reservoirs,  the  blood  encounters  a 
place  where  it  is  more  or  less  beyond  the  control  of  the  heart  and 
vasomotor  system,  and  another  factor  becomes  essential  to  the 
maintenance  of  effective  circulation:  a  mechanism  which  will  re- 
turn the  blood  from  the  capillaries  to  the  heart.  An  impairment 
of  some  part  of  this  mechanism  can  produce  a  failure  of  circulation 
despite  an  effective  pump  and  vasomotor  system.  Henderson 
believes  this  mechanism  to  be  injured  in  shock  by  loss  of  carbon 
dioxid.  This  causes  the  walls  of  the  veins  to  lose  tone  and  the 
tissues  to  undergo  changes  whereby  they  imbibe  more  water 
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from  the  blood  and  thus  diminish  the  amount  of  circulating 
fluid. 

As  the  result  of  a  previous  investigation  I  concluded  that  shock 
produced  by  the  exposure  of  the  abdominal  viscera  was  due  to  a 
loss  of  circulatory  fluid,  the  causes  for  this  loss  probably  being  the 
same  as  those  producing  the  stasis  which  pathologists  consider  as 
part  of  the  process  of  inflammation. 

The  problem  at  hand  was  to  determine  whether  there  is  in 
shock  an  actual  loss  of  circulating  fluid,  and,  if  so,  whether  the  loss 
can  be  accounted  for  simply  by  vasomotor  failure.  In  a  measure 
the  problem  has  been  solved  by  Lyon  and  Swarts,  ^  who  found  that 
the  percentage  of  blood  was  decreased  in  all  organs  after  shock. 

The  amount  of  blood  that  can  be  obtained  from  a  large  arterial 
trunk — as  the  femoral — is  the  measure  of  efficient  blood;  it  is  the 
amount  which  can  be  returned  to  the  heart  and  lungs  and,  after 
aeration,  be  pumped  out  to  feed  the  tissues.  The  blood  which 
can  be  secured  from  the  venous  side  of  the  circulatory  system — as 
from  the  right  auricle — is  the  amount  that  is  freely  movable,  but 
was  not  returned  to  the  arterial  system.  Their  sum  is  the  amount 
of  mobile  blood  in  the  body.  This  sum  subtracted  from  the  total 
amount  of  blood  gives  the  quantity  of  immobilized  blood;  the 
fixed  quantity  in  the  tissues.  So  far  as  the  immediate  circulatory 
needs  of  the  organism  are  concerned,  this  latter  amount  of  blood  is 
useless. 

In  my  experiments  the  total  amount  of  blood  was  estimated  in 
its  relation  to  the  body  weight.  The  percentage  used  was  7.7 
per  cent.,  or  one-thirteenth  of  the  total  weight  of  the  animal. 
This  standard  is  op>en  to  a  certain  degree  of  error,  particularly 
since  it  was  impossible  to  obtain  enough  dogs  of  approximately 
the  same  size  and  breed.  However,  this  source  of  error  was  re- 
duced to  a  minimum  by  using  in  each  series  the  same  type  of  ani- 
mals in  the  same  physical  condition  and,  as  the  study  is  of  com- 
parative conditions,  the  variation  does  not  materially  affect  aver- 
ages. 

The  general  technic  was  uniform  in  all  the  experiments.  The 
animal,  which  had  been  fasted  for  eighteen  hours,  was  etherized 
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and  carefully  weighed.  The  anesthesia  was  maintained  by  the 
autointratracheal  inhalation  method.*  Blood-pressure  was  taken 
from  the  right  carotid  artery.  A  cannula  w-as  placed  in  the  right 
femoral  artery.  After  performing  the  experimental  procedure, 
such  as  producing  shock,  sectioning  the  spinal  cord,  etc.,  the  femoral 
artery  was  opened  and  all  the  blood  that  coiild  be  secured  was  ob- 
tained. The  thorax  was  then  opened,  the  pericardium  stripped 
over  the  heart,  and,  turning  the  animal  on  its  side  in  a  slight  Tren- 
delenburg position,  the  right  auricle  and,  later,  the  cava  were 
opened,  allowing  the  blood  to  flow  into  a  wide-mouthed  receiver. 
The  exact  weight  of  the  separate  specimens  was  recorded. 

The  observations  fall  into  four  different  groups:  (1)  In  the 
first  series  normal  dogs  were  used  as  controls  to  determine  how 
much  blood  could  be  obtained  by  the  method  described;  (2)  in  the 
second  series  the  cervical  cord  was  cut  before  bleeding;  (3)  in  the 
third  series  the  animals  were  practically  killed  with  ether  and  the 
bleeding  was  done  after  the  institution  of  artificial  respiration; 
(4)  in  the  fourth  series  the  animals  were  shocked  by  exposure  of  the 
abdominal  viscera.  Several  special  experiments  devised  to  em- 
phasize certain  points  are  also  reported.  (Table  I,  Detailed  Ob- 
servations; Table  II,  Condensed  Data.) 

TABLE  II 


Experiments 


Series  of  normal  animals 66 

Series  in  which  the  cenical  cord 
was  sectioned 54 

Series  in  which  ether  was  pushed 
until  respiratory  failure 46 

Series  in  which  shock  was  pro- 
duced by  exposure  of  abdominal 
viscera 28 

Experiment  in  which  the  spinal 
cord  from  sixth  oer>'ical  seg- 
ment peripherally  was  destroyeiJ '        42 

Experiment  in  which,  after  the  pro-, 
duction  of  shock,  adrenalin  was' 
given  and  the  animal  bled  when 
blood-pressure  had  reached  it» 
highest  point 38 
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In  the  first  series  the  blood-pressure  was  taken  with  the  normal 
animal  in  a  moderate  depth  of  etherization,  and  then  the  bleeding 
from  the  femoral  artery  was  started.     From   these   animals  we 

obtained  an  average  of  66  per 
cent,  of  the  blood  from  the  fem- 
oral artery,  10  p>er  cent,  from  the 
heart,  making  a  total  of  76  p>er 
cent,  obtained,  and  leaving  24  per 
cent,  in  the  tissues.  These  results 
are  a  fair  average  for  the  experi- 
mental conditions  under  which 
they  were  secured  and  form  the 
standard  of  comparison  for  the 
results  of  all  the  other  exp>eri- 
ments. 
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Experiment  13. — March  6, 
1915.  Dog;  rather  poor  brindle 
bull;  weight,  9330  gm.  The  ani- 
mal was  etherized;  carotid  blood- 
pressure  taken  and  a  cannula 
placed  in  the  right  femoral  artery. 
Normal  blood-pressure,  145. 
From  the  femoral  artery,  476  gm. 
of  blood  were  obtained  and  60  gm. 
from  the  right  auricle.  The  esti- 
mated total  amount  of  blood  was 
717  gm.  From  the  femoral  ar- 
tery 66.3  per  cent,  was  recovered, 
and  8.3  per  cent,  from  the  heart, 
making  a  total  of  75  per  cent,  ob- 
tained, and  leaving  25  per  cent, 
of  the  blood  in  the  tissues  (Fig. 
223). 

In  the  second  series  the  cer- 
vical cord,  usually  the  sixth  or 
seventh  segment,  was  sectioned 
before  the  bleeding.  As  this  severs 
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practically  all  the  vasoconstrictor  fibers  from  their  connection  with 
the  medullary  center,  the  procedure  simulates  as  nearly  as  possible 
a  total  paralysis  of  the  medullary  vasomotor  center.  The  fall  in 
blood-pressure  induced  by  this  oper- 
ation approached  that  observed  in 
shock  in  but  a  minority  of  cases.  It 
should  be  borne  in  mind  that  even 
with  the  most  careful  hemostasis  some 
blood  was  lost  during  the  operation. 
The  blood-pressure  was  allowed  to 
reach  a  constant  level  before  the 
bleeding  was  started.  From  these 
animals  an  average  of  55  per  cent,  of 
blood  was  obtained  from  the  femoral 
artery  and  11  p>er  cent,  from  the  heart, 
making  a  total  of  66  per  cent,  recov- 
ered, and  leaving  34  per  cent,  in  the 
tissues.  It  is  thus  seen  that  after  re- 
moval of  the  influence  of  the  medul- 
lar^'^  vasomotor  center  an  increase  of 
10  per  cent,  of  blood  remained  in  the 
tissues.  The  following  protocol  is  a 
good  example  of  this  series: 
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Experiment  9. — March  5,  1915. 
Dog;  brown  and  white  male  mon- 
grel;  weight,  24,383  gm. 

9.45  A.  M.:  Etherized;  carotid 
blood-pressure  taken;  cannula  placed 
in  femoral  artery.  9.55  a.  m.  :  Pulse, 
158;  respiration,  36;  blood-pressure, 
150.  10.07  A.M.:  Incision  made  for 
exposing  spinal  cord.  10.27  a.  m.: 
Cord  sectioned  (seventh  cervical  seg- 
ment); blood-pressure  fell  to  100. 
10.40  A.  m.;  Bled  from  the  femoral, 
obtaining  990  gm.  of  blood;  195  gm. 
obtained  from  the  heart.     The  esti- 
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mated  amount  of  blood  was  1875  gm.;  54  per  cent,  was  obtained 
from  the  artery  and  10  per  cent,  from  the  heart,  making  a  total 
of  64,  and  leaving  36  per  cent,  in  the  tissues. 

In  order  to  test  the  effect  that  blood-pressure  might  have  upon 
the  quantity  of  blood  obtained,  a  complete  failure  of  respiration 
and  a  more  or  less  complete  vasomotor  paralysis  by  overetheriza- 
tion  were  produced  in  a  third  series  of  experiments.  After  taking 
the  normal  blood-pressure  in  these  animals,  ether  was  pushed  to 
the  point  of  respiratory  failure.  When  the  blood-pressure  had 
practically  reached  zero  and  no  pulsation  could  be  felt  in  the 
femoral  artery,  artificial  respiration  was  instituted  by  means  of 
alternate  thoracic  and  abdominal  compression  and  the  bleeding 
was  started.  Spontaneous  respiratory  movements  returned  in 
but  one  experiment,  and  in  this  case  they  were  of  the  convulsive 
type.  It  usually  required  about  twice  as  long  to  obtain  all  the 
blood  in  animals  of  this  series  as  in  the  controls.  I  was  very  much 
surprised  to  find  that  under  such  conditions  an  average  of  46  |>er 
cent,  of  blood  could  be  obtained  from  the  femoral  artery,  13  per 
cent,  from  the  heart,  leaving  41  per  cent,  in  the  tissues.  In  these 
animals  there  was  an  average  increase  of  17  per  cent,  of  blood  left 
in  the  tissues  as  compared  with  the  amount  in  normal  animals. 
Experiment  26  is  a  typical  experiment: 

Experiment  26. — March  11,  1915.  Dog;  male  shepherd; 
weight,  16,918  gm. 

3.40  p.  M. :  Etherized.  Apparatus  arranged  to  record  carotid 
blood-pressure.  Cannula  placed  in  right  femoral  artery.  3.50 
p.  M.:  Pulse,  140;  respiration,  22;  blood-pressure,  128.  3.52 
p.  M.:  Began  to  push  ether.  3.56  p.  m.:  Respiration  failed. 
3.59  p.  M.:  Blood-pressure  reached  zero;  no  pulsation  in  femoral 
artery.  Femoral  artery  opened;  thoracic  and  abdominal  com- 
pression started.  From  the  right  femoral  artery  625  gm.  of  blood 
were  secured,  200  gm.  from  the  heart.  The  estimated  amount  of 
blood  was  1301  gm.  This  makes  48  per  cent,  from  the  artery,  15 
per  cent,  from  the  heart,  a  total  of  53  per  cent.,  leaving  37  per  cent, 
in  the  tissues  (Fig.  225). 

In  the  fourth  series  of  experiments,  after  obtaining  the  normal 
blood-pressure,  the  right  vagus  was  sectioned  and  the  central  end 
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stimulated  for  the  purpose  of  testing  the  response  of  the  vasomotor 
center  to  reflex  stimulation.  Two  such  tests  of  the  vasomotor 
center  were  made  before  the  abdomen  was  widely  opened  and  the 
viscera  exposed.  When  the  resulting  condition  fulfilled  all  the 
clinical  requirements  for  shock,  the  response  of  the  vasomotor 
center  was  tested  a  third  time.  In  every  case  the  response  was 
practically  the  same  in  the  shocked  condition  as  in  the  control. 
After  this  procedure  the  animal  was  bled.  None  of  these  experi- 
ments produced  a  very  low  blood-pressure,  and  the  reaction  of  the 
vasomotor  center  was  normal.  An  average  of  only  28  per  cent,  of 
blood  was  obtained  from  the  femoral  artery,  1 1  per  cent,  from  the 
heart,  making  li  total  of  39  per  cent,  obtained,  leaving  61  per  cent. 


Fiff.  225  (Experiment  26). — Normal  blood-pressure,  128.  Began  to  push  ether  at  a.  Respira- 
tion failed  at  6.  Femoral  artery  was  opened  and  artificial  respiration  started  at  c.  Obtained  48  per 
cent,  of  blood  from  artery  and  15  from  heart.  {Erperijaent  27.)  Normal  blood-pressure,  102.  Sig- 
nals a',  h\  and  c'  signify  same  as  in  Experiment  26.  Obtained  48  per  cent,  of  blood  from  artery  and 
13  from  heart. 

in  the  tissues.  This  means  that  in  these  animals  less  than  40 
per  cent,  of  the  blood  was  available  and  that  almost  37  per  cent, 
more  than  the  normal  amount  was  stagnated  in  the  tissues.  Such 
a  loss  of  circulating  fluid  is  sufficient  to  produce  all  the  accom- 
panying clinical  signs  of  shock.     Experiment  18  is  typical: 

Experiment  18. — March  8,  1915.  Dog;  weight,  10,947  gm. 
9.45  A.  M.:  Etherized.  Apparatus  arranged  to  record  carotid 
pressure  and  to  bleed  from  femoral  artery.  Right  vagus  exposed. 
9.15  a.m.:  Pulse,  130;  respiration,  42;  blood-pressure,  122.  9.18 
A.  M.:  Sectioned  right  vagus.  Slight  rise  in  blood-pressure. 
9.43  A.  M.:  Stimulated  central  end  right  vagus  for  ten  seconds. 
Blood-pressure  increased  30.     9.45  a.  m.:   Stimulated  central  end 
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right  vagus.  Blood-pressure  increased  55,  9.50  a.  m.:  Abdomen 
opened  and  viscera  exposed;  blood-pressure  gradually  fell.  1 
p.  M. :  Animal  has  all  the  signs  of  shock.  Has  had  no  ether  since 
12.05;  eye  reflex  positive;  pulse,  122,  weak;  respiration,  18, 
gasping;  blood-pressure,  70.  1.01  p.  m.:  Stimulated  central  end 
right  vagus  ten  seconds.  Blood-pressure  increased  36.  1.04 
p.  M.:  Stimulated  central  end  of  vagus  twenty  seconds.  Blood- 
pressure  increased  40.  1.05  p.  m.:  Blood-pressure,  70.  Bled  from 
femoral  artery  260  gm.  and  90  gm.  from  the  heart.  Estimated 
amount  of  blood  was  842;  31  per  cent,  was  recovered  from  artery, 
11  from  the  heart,  making  a  total  of  42  per  cent.,  and  leaving  58 
per  cent,  in  the  tissues  (Fig.  226). 


Fig.  226  (.Experiment  IS). — Normal  blood-pressure.  122.  After  exposing  viscera  for  three  boa?s  it 
had  decreased  to  70.  Reaction  of  vasomotor  center  practically  normal.  Obtained  31  per  oeot.  of 
blood  from  artery  and  1 1  from  heart. 


These  experiments  seem  to  prove  that  the  reason  for  the  com- 
mon symptoms  of  shock  and  hemorrhage  is  that  they  have  a  com- 
mon pathologj'.  In  shock  a  large  percentage  of  blood  is  as  effec- 
tually lost  from  the  circulation  as  if  it  had  escaped  by  a  free  hem- 
orrhage. That  this  decrease  in  the  amount  of  circulating  blood 
is  essentially  different  from  the  venous  congestion  produced  by 
paralysis  of  the  medullary  vasomotor  center  is  shown  by  a  com- 
parison between  the  amount  of  blood  left  in  the  tissues  after  sec- 
tion of  the  cervical  cord  and  that  after  the  production  of  shock. 
In  the  former  condition  there  is  only  10  per  cent,  more  blood  left 
in  the  tissues  than  in  the  control,  while  in  the  latter  there  is  a  sur- 
plus of  37  per  cent,  stagnated  in  the  tissues. 

However,  these  experiments  do  not  preclude  the  possibility  of 
the  production  of  splanchnic  paralysis  by  an  inhibition  of  the 


SHOCK  AND   HEMORRHAGE  751 

cord-centers,  as  held  by  Janeway  and  Ewing.^  While  it  is  true 
that  vasomotor  reflexes  involving  the  cord-centers  take  place 
during  shock,  the  following  experiments  show  that  the  centers 
are  not  fatigued  and  that  complete  vasomotor  paralysis  does  not 
produce  immobilization  of  the  blood.  That  the  centers  are  active 
was  shown  by  Experiment  125: 

Experiment  125. — February  20,  1914.  Cat,  female.  Ether- 
ized. Blood-pressure,  98.  Dorsal  cord  exposed  and  first  segment 
sectioned;  blood-pressure  fell  until  it  reached  a  constant  level  of 
70.  Abdomen  was  then  opened  and  viscera  exposed.  Blood- 
pressure  fell  rather  quickly  to  42.  When  blood-pressure  was  14 
and  the  animal  in  marked  shock,  a  small  probe  was  passed  peri- 
pherally in  the  spinal  canal,  compressing  the  cord.  Blood-pressure 
quickly  increased  to  52. 

That  total  destruction  of  the  central  vasomotor  system  does 
not  produce  the  immobilization  of  the  blood  found  in  shock  is 
shown  by  the  following  experiment: 

Experiment  25. — March  11,  1915.  Dog;  small  brown  female 
cur;  weight,  7464  gm. 

8.50  A.  M.:  Etherized.  Apparatus  arranged  to  record  carotid 
blood-pressure  and  a  cannula  placed  in  the  femoral  artery.  9  a.  m.  : 
Pulse,  150;  respiration,  20;  blood-pressure,  120.  9.05  a.  m.: 
Incision  made  to  expose  cervical  cord.  Cord  laid  bare;  slight  hem- 
orrhage. 9.20  A.  M.:  Ligature  passed  around  cord.  9.22  a.  m.: 
Cord  sectioned  at  sixth  cervical  segment;  blood-pressure,  94. 
9.35  A.  M.:  Cord  exposed  in  lower  lumbar  region.  9.50  a.  m.: 
Probe  passed  from  cervical  opening  peripherally.  Some  little  diffi- 
culty was  experienced  in  keeping  probe  in  canal.  However,  the 
entire  cord  was  finally  destroyed  from  cervical  opening  to  lumbar 
opening.  There  was  some  hemorrhage.  At  first  the  blood- 
pressure  was  not  markedly  affected,  but  the  respiration  became  ir- 
regular and  the  blood-pressure  finally  fell  to  zero.  10.20  a.  m.: 
Animal  bled.  Secured  250  gm.  of  blood  from  femoral  artery  and 
^o  gm.  from  heart.  The  estimated  amount  of  blood  was  574  gm. ; 
42  per  cent,  was  obtained  from  the  artery,  15  per  cent,  from  the 
heart,  making  a  total  of  57  per  cent,  and  leaving  43  per  cent,  in  the 
tissues. 
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That  loss  of  vasomotor  tone  with  splanchnic  congestion  for 
the  length  of  time  necessary  to  produce  shock  does  not  give  rise  to 
identical  conditions  is  shown  by  Experiment  41: 

Experiment  41- — March  29,  1915.  Dog,  male  shepherd; 
weight,  16,918  gm.  8.45  a.  m.:  Etherized.  Apparatus  arranged 
to  record  carotid  blood-pressure.  Cannula  placed  in  femoral 
artery.  9.04  a.  m.:  Blood-pressure,  145.  9.06  a.  m.:  Incision 
made  to  expose  cervical  cord.  9.12  a.  m.:  Passed  ligature  around 
cord.  9.18  A.  M. :  Cord  sectioned  at  sixth  cervical  segment;  slight 
hemorrhage.  Blood-pressure  fell  to  60.  Animal  was  kept  lightly 
etherized  until  11.50.  Blood-pressure  at  this  time  was  75.  Fem- 
oral artery  was  opened,  obtaining  675  gm.  of  blood;  145  gm.  were 
obtained  from  the  heart.     The  estimated  amount  of  blood  was 


Fig.  927  (Experiment  41). — Nonnal  blood-preMure,  145.  Cervical  cord  exposed  between  a  and  h. 
Fall  in  blood-pressure  due  to  passing  ligature  around  cord.  Cord  sectioned  at  sixth  cervical  sefrtnent 
at  e.  Blood-pressure  fell  to  60,  but  after  2.5  hours  increased  to  75,  when  the  femoral  artery  was  opened 
((/).    Obtained  Si  per  cent,  of  blood  from  arter>'  and  1 1  from  heart. 

1301  gm.;  52  per  cent,  was  secured  from  artery  and  11  per  cent, 
from  the  heart,  making  a  total  of  63  per  cent.,  and  leaving  37  per 
cent,  in  the  tissues.  This  is  practically  the  same  result  as  in  the 
cord  series  (Fig.  227). 

The  following  experiment  shows  that  the  immobilization  of  the 
blood  in  shock  takes  place  beyond  the  control  of  the  vasomotor 
system.  This  experiment  also  emphasizes  the  fact  that  the 
amount  of  blood  obtained  is  not  primarily  dependent  upon  blood- 
pressure. 


Experiment  ^9.— March  12,  1915. 
spaniel.     Weight,   5971   gm.      2.50 


Dog,  young  bro\*Ti  female 
p.   M.:    Etherized.     Carotid 
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blood-pressure  taken.  Cannula  placed  in  right  femoral  artery; 
left  femoral  vein  exposed.  3  p.  m.:  Pulse,  132;  respiration,  18; 
blood-pressure,  110.  3.13  p.  m.:  Abdomen  opened;  viscera  ex- 
posed. Marked  fall  of  blood-pressure,  which  quickly  recovered 
and  was  followed  by  a  gradual  fall.  4.20  p.  m.  :  Animal  in  moder- 
ate degree  of  shock;  has  needed  no  ether  since  4.  Eye  reflex  posi- 
tive; blood-pressure,  50.  4.23  p.  m.:  Injected  2  c.c.  of  adrenalin 
(1:1000)  into  femoral  vein;  blood-pressure  increased  from  50  to 
180.  4.24  p.  M.:  When  blood-pressure  had  reached  highest 
point,  the  femoral  artery  was  opened.  Obtained  175  gm.  of  blood 
from  artery,  35  gm.  from  the  heart.  The  estimated  amount  of 
blood  was  459  gm.,  of  which  38  per  cent,  was  secured  from  the 
artery  and  8  per  cent,  from  the  heart,  making  a  total  of  46  per  cent.. 


Fig.  228  (Experiment  29). — Normal  blood-pressure,  110.  Abdomen  opened  at  a.  When  animal  was 
in  shock,  with  blood-pressure  of  50,  i  c.c.  adrenalin  was  injected  (61.  Femoral  artery  opened  at  e. 
Obtained  S8  per  cent,  from  artery  and  8  from  heart. 

leaving  54  per  cent,  in  the  tissues.  The  maximum  constriction 
of  the  arterioles  in  shock  with  an  increase  of  blood-pressure  far 
above  normal  did  not  materially  increase  the  amount  of  mobile 
blood  as  compared  with  the  average  of  the  shock  series  (Fig.  228). 

The  following  experiments  show  that  considerable  blood  can  be 
lost  in  both  shock  and  hemorrhage  and  still  a  relatively  high  blood- 
pressure  be  maintained.  The  parallelism  of  the  two  conditions 
and  the  activity  of  the  vasomotor  system  are  again  presented. 

Experiment  30. — March  13,  1915.  Dog,  black,  white,  and  yel- 
low female  mongrel;    weight,  10,450  gm.     9.15  a.m.:    Etherized. 

'15—48 
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Apparatus  arranged  to  record  carotid  blood-pressure  and  to  bleed 
from  femoral  artery.  Both  vagi  exposed.  9.30  a.  m.:  Pulse 
170;  respiration,  26;  blood-pressure,  95.  9.34  a.m.:  Right  vagus 
cut;  slight  rise  in  blood-pressure.  9.35  a.m.:  Stimulated  central 
end  right  vagus;  respiration  ceased;  slight  rise  in  blood-pressure. 
9.38  A.  m.:  Repeated  stimulation;  same  result.  9.40  a.  m.:  Sec- 
tioned left  vagus.  9.41  a.  m.:  Stimulated  central  end  right  vagus; 
slight  increase  in  blood-pressure.  9.42  a.  m.:  Stimulated  cen- 
tral end  of  left  vagus;  blood-pressure  increased  35.  9.44  a.  m.: 
Blood-pressure,  150.  Bled  295  gm.  (approximately  36.7  per  cent.) 
from  femoral  artery.  Blood-pressure  fell  to  35  and  then  gradually 
increased  to  50.  10  a.  m.:  Animal  exhibited  the  signs  of  shock. 
Stimulated  central  end  right  vagus;  blood-pressure  increased  40. 
10.06  A.  M.:  Stimulated  central  end  left  vagus;  blood-pressure 
increased  45.  10.08  a.  m.:  Bled  from  femoral  arter>%  obtaining 
200  gm.  of  blood  and  130  gm.  from  heart.  Estimated  amount  of 
blood  was  810;  61  per  cent,  was  the  total  amount  from  artery,  16 
per  cent,  from  heart,  making  77  per  cent.,  leaving  23  per  cent,  in 
the  tissues. 

The  above  experiment  proves  that  a  free  hemorrhage  of  36.7 
per  cent,  of  an  animal's  blood,  which  is  the  average  found  to  be  lost 
in  the  shock  series,  will  produce  all  the  clinical  signs  of  shock,  and, 
furthermore,  the  vasomotor  center  response  to  reflex  stimulation 
is  identical  in  shock  and  in  a  hemorrhage  of  this  degree.  A  further 
comparison  of  these  two  experiments  shows  that  shock  and  hemor- 
rhage have  a  common  cause. 

Experiment  19. — March  8, 1915.  Dog;  male;  white  mongrel; 
weight,  13,186  gm. 

3.30  p.  M.:  Etherized.  Apparatus  arranged  to  record  carotid 
blood-pressure  and  to  bleed  from  femoral  artery.  Right  vagus 
exposed.  3.40  p.  m.:  Pulse,  220;  respiration,  42;  blood-pressure, 
150.  3.50  p.  M. :  Sectioned  right  vagus.  3.55  p.  m.  :  Stimulated 
central  end  right  vagus;  blood-pressure  increased  30.  3.56  p.  m.: 
Again  stimulated  central  end  of  vagus;  same  result.  3.57  p.  m.: 
Abdomen  opened;  viscera  exposed;  blood-pressure  gradually 
fell,  but  animal  did  not  develop  all  the  signs  of  shock.  6  p.  m.: 
Animal  still  requires  an  anesthetic.  Blood-pressure,  85.  6.05 
p.  m.:  Stimulated  central  end  of  right  vagus;  blood-pressure 
rose  4.     6.06  p.  m.:  Repeated  stimulation;   identical  result.     6.12 
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p.  M. :   Blood-pressure  90.     Bled,  obtaining  390  gm.  of  blood  from 

artery  and  95  gm.  from  heart.     The  estimated  amount  of  blood 

was  1014  gm.;   38.4  per  cent,  was 

secured  from  the  artery  and  9.3  ^^^^H^^I^H 

from  the  heart,  making  a  total  of  ^^^^H^^K^^I 

48  per  cent.,  and  leaving  5^  per  ^^^^HI^^H^^I 

cent,  in  the  tissues.     This  animal  ^^^^|^H^^| 

had    lost    physiologically    28    per  ^^^^|^H^^| 

cent,  of  its  blood,  and  yet  main-  ^^^^|^H^^| 

tained  a  blood-pressure  of  90  and  ^^^^H^^^^^l 

did  not  develop  all  the  signs  of  ^^^^I^H^^I 

Experiment    38,  —  March    26,  ^^^^H^vl^^H 

1915.    Dog;  weight,  8334  gm.  9.45  ^^^|B^^| 

A.M.:   Etherized.     Carotid  blood-  ^^^^I^K^^^l 

pressure   taken.     Cannula  placed  ^^^^l^l^^^l 

in  right  femoral  artery  and  left  ^^^^I^K^^^I 

femoral  10.07  a.  m.:  Blood-  ^^^^I^E^^H 

pressure  130.     10.10  a.  m.:   Bled  ^^^|k^^| 

slow^ly  165  gm.  (about  26  per  cent.)  ^^^^HK^^^I 

from  femoral  vein.    Blood-pressure  |^^B|  H^^^l 

remained  at  110.     Animal  did  not  H^^HIB^^^I 

show  signs  of  shock.     10.54  a.  m.:  I^^^IB^^^I 

Blood-pressure,     110;    ether    still  I^^^IB^^^I 

necessary.     Bled  64  gm.  of  blood  I^^^IB^^^I 

from  vein  when  cannula  blocked  I^^^IB^^^I 

by  clot.    Blood-pressure,  99.    The  |^^^^|Bj^^^| 

left  femoral  artery  was  then  opened  S^^^H  Ei^^^B 

and  46  gm.  (about  7  per  cent.)  ob  •  I^^BIB^^^I 

tained.    Bleeding  229  gm.  (about  IS^^IB^^^I 

36  per  cent.)  of  blood  slowly  from  B^^HH^^^I 

the  femoral  vein  decreased  blood-  B^^BB^^^B 
pressure  31.  Bleeding  46  gm.  II^^I^bI^^B 
(about  7  per  cent.)  from  femoral  B^BB^^^I 
artery  decreased  blood-pressure  45 .  I^^^S  B^^^l 
12  A.  M. :  Animal  exhibited  signs  of  Ij^BfBB^^^I 
shock;  bled  140  gm.  from  artery  ^E^BlB^^^B 
and  50  gm.  from  heart.  The  esti-  ^^^^■^■^^^B 
mated  amount  of  blood  was  642. 

A  total  of  65  per  cent,  was  secured  from  artery  and  vein,  8  per  cent, 
from  the  heart,  making  a  total  of  73  per  cent.,  leaving  27  per  cent, 
in  the  tissues  (Fig.  230). 
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Gatch^  has  shown  that  the  abdominal  wall  is  an  important  fac- 
tor in  the  maintenance  of  the  most  efficient  mechanism  for  the 
return  of  the  blood  to  the  heart.     The  bearing  that  this  factor 

might  have  on  the  above  method 
of  investigation  was  tested  in  these 
experiments : 
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Experiment  SI. — ^The  animal  was 
given  curare  until  respiratory  move- 
ments had  almost  ceased,  thus  elim- 
inating the  effect  of  abdominal  tone 
before  bleeding. 

Experiment  37, — The  abdomen 
was  widely  opened  just  before  bleed- 
ing was  commenced. 

In  both  these  experiments  the 
amount  of  blood  secured  was  within 
the  normal  limits,  showing  that  this 
factor  did  not  complicate  the  re- 
sults. 

Other  experiments,  as  section  of 
the  splanchnic  nerves,  transfusion 
of  blood,  etc.  (Table  I  and  Fig. 
231),  further  emphasized  that  there 
is  a  decrease  in  blood  in  shock  and 
that  this  is  not  due  to  a  primar>' 
failure  of  the  vasomotor  mechanism. 

Summary  of  Experiments 
The  data  from  the  experiments 
herewith  reported  may  be  summar- 
ized as  follows: 

1.  In  a  normal  dog  66  per  cent, 
of  the  blood  can  be  obtained  from 
the  femoral  artery  and  10' per  cent, 
from  the  heart,  making  a  total  of 
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76  per  cent,  which  can  be  secured,  leaving 
tissues. 

2.  In  an  animal  in  which  the  cervical  cord  is 
medullary  vasomotor  paraly- 
sis, 54  per  cent,  of  the  blood 
can  be  obtained  from  the 
femoral  artery,  and  12  per 
cent,  from  the  heart,  a  total 
of  66  per  cent.,  leaving  34  per 
cent,  in  the  tissues. 

3.  In  an  animal  in  which 
blood-pressure  is  depressed 
practically  to  zero  by  an  over- 
dose of  ether,  46  per  cent,  of 
the  blood  can  be  obtained 
from  the  femoral  artery  and  13 
percent,  from  the  heart,  mak- 
ing a  total  of  59  percent.,  leav- 
ing 41  per  cent,  in  the  tissues. 

4.  In  an  animal  in  which 
the  viscera  have  been  exposed 
until  the  clinical  signs  of 
shock  are  present,  but  in 
which  the  vasomotor  reflexes 
are  as  active  or  even  more  so 
than  in  the  normal  condition, 
only  28  per  cent,  of  the  blood 
can  be  obtained  from  the 
femoral  artery  and  11  per 
cent,  from  the  heart,  making 
a  total  of  39  per  cent.,  leav- 
ing 61  per  cent,  in  the  tissues. 

Conclusions 
The  clinical  signs  of  shock 
which  appear  after  section  of 


24  per  cent,  in  the 
sectioned,  producing 
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the  abdomen  and  exposure  of  the  viscera  are  due  to  a  loss  of  circula- 
tory fluid.  This  loss  of  fluid  is  not  dependent  upon  any  primary  im- 
pairment of  the  medullary  vasomotor  center,  and  takes  place  at  a 
point  beyond  the  control  of  the  vasomotor  mechanism.  The 
causes  for  this  loss  of  fluid  are  apparently  the  same  as  those  which 
determine  the  accumulation  of  fluid  in  any  other  irritated  area, 
and  produce  the  signs  of  inflammation.  The  nervous  system 
probably  plays  no  greater  part  in  the  former  case  than  in  the  latter. 
The  condition  is  made  grave  when  the  viscera  are  exposed  because 
of  the  great  vascularity  of  the  tissues  involved. 
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ADDENDA 

JOSEPH   C.    BLOODGOOD 
Baltimore 

In  Progressive  Medicine  for  December,  1914  (p.  169),  I  critically 
reviewed  the  contribution  of  Frank  C.  Mann*  on  "The  Peripheral 
Origin  of  Surgical  Shock.*'  On  December  8, 1914,  Dr.  Mann  wrote 
me  as  follows:  "Your  review  of  my  article  contains  one  criticism 
which  I  should  like  to  answer  by  submitting  further  data  and  one 
misquotation  to  which,  I  am  sure,  your  attention  only  needs  to  be 
called  to  secure  its  correction." 

First,  as  to  the  correction:  On  page  170  of  Progressive  Medicine 
for  December,  1914, 1  quoted  from  page  212  of  Mann's  article,  his 
sixth  conclusion.  My  quotation  was  as  follows:  "It  is  impossible 
to  produce  signs  of  shock  by  the  use  of  excessive  heat  or  cold." 
The  quotation  should  have  read :  "  It  is  possible,  etc." 

♦  Johns  Hopkins  Hosp.  Bull.,  1914,  xxv,  205. 
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On  page  171  (ibid.),  in  quoting  Mann's  tenth  conclusion,  I 
called  attention  to  the  discrepancy  in  his  sixth  conclusion.  This 
mistake  is  mine. 

Dr.  Mann  further  writes  that  on  page  172  (ibid.)  I  wrote  as 
follows :  "  In  this  paper  the  details  of  Mann's  experiments  are  not 
given,  so  that  it  is  impossible  to  study  critically  the  methods  of  his 
investigation." 

Dr.  Mann,  in  his  letter  of  December  8,  tells  me  that  in  the 
original  manuscript  submitted  to  the  Dean  of  the  Medical  Depart- 
ment of  the  University  of  Indiana,  the  experiments  were  given  in 
detail,  but  that  the  editor  of  the  Johns  Hopkins  Hospitcd  Bulletin 
was  of  the  opinion  that  it  was  not  necessary  to  publish  them. 

This  criticism  of  mine,  of  course,  amounted  to  very  little. 
It  simply  meant  that  from  the  standpoint  of  pure  physiology  one 
would  have  been  unable  to  follow  Mann's  experiments  in  the 
laboratory.  The  omission,  however,  cannot  be  blamed  on  Dr. 
Mann.  Similar  experiments  are  described  in  detail  in  Dr.  Mann's 
paper  in  this  issue. 

Dr.  Mann  further  writes:  "Concerning  your  other  criticisms 
I  must  continue  to  regard  them  in  the  light  of  personal  opinion 
until  more  data  are  submitted.  I  should  like  to  point  out,  how- 
ever, that  the  conclusions  of  Janeway  and  Ewing  are  only  slightly 
different  from  my  own." 

This  experimental  work  of  Mann  was  performed  under  the 
direction  of  Dr.  \V.  D.  Gatch,  Professor  of  Surgery  of  the  Indiana 
University. 

Dr.  Gatch  also  wrote  me  about  my  critical  review  in  Progressive 
Medicine:  "I  was  deeply  interested  as  well  as  greatly  surprised 
at  your  review  of  Dr.  Mann's  article.  I  believe  that  if  you  had 
read  the  article  more  carefully  instead  of  considering  the  conclusions 
entirely  apart  from  the  context,  you  would  have  agreed  with  most 
of  the  conclusions." 

Dr.  Gatch  writes  as  follows  about  Dr.  Mann's  first  conclusion, 
with  which  I  differed  in  my  critical  review:  "It  is  impossible  to 
reduce  the  anesthetized  animal  to  a  state  of  shock  by  any  degree 
of  sensory  stimulation  providing  all  hemorrhage  is  prevented 
and  its  abdomen  not  opened." 

Bloodgood's  criticism:  "In  my  experience  with  operative  sur- 
gery under  general  anesthesia  in  which  the  condition  of  the  pa- 
tient has  been  most  carefully  recorded  and  the  blood-pressure 
changes  estimated  during  the  entire  operation,  I  have  observed 
extreme  degrees  of  shock  in  operations  other  than  on  the  abdomen. 
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even  though  there  had  been  no  hemorrhage;  for  example,  during 
operation  for  old,  badly  united  fractures  of  the  shaft  of  the  femur. 
In  these  eases  the  only  factors  which  could  have  produced  shock 
were  the  painful  stripping  of  the  periosteum  and  the  extreme  ex- 
tension of  the  limb." 

Dr,  Gatch  remarks:  "In  regard  to  the  first  conclusion,  this  is 
not  new;  in  fact.  Porter  demonstrated  it  years  ago.  Mann  demon- 
strated it  beyond  a  shadow  of  doubt  on  14  dogs.  In  all  of  his  cases 
the  most  extensive  traumatization  of  the  extremities  was  done, 
all  four  limbs  being  amputated  and  the  limbs  avulsed  with  as  much 
roughness  as  possible.  The  skin  was  burned,  the  skull-cap  lifted, 
and  the  dura  cauterized.  All  of  these  manipulations  were  carried 
out  within  a  period  from  four  to  six  hours.  The  animals'  blood- 
pressure  and  respirations  would  show  no  change  from  that  at  the 
beginning  of  the  experiments,*  being  in  as  good  condition  as  at  the 
beginning.  Of  course,  the  most  scrupulous  care  was  taken  to  pre- 
vent hemorrhage.  It  is  interesting  that  in  two  cases  in  this  series 
in  which  the  signs  of  shock  were  developed,  we  found  in  one  case 
a  large  intra-abdominal  hemorrhage  and  in  the  other  an  enormous 
hemorrhage  in  the  legs  from  fractured  bones." 

In  my  criticism,  as  noted  above,  of  Mann's  first  conclusion  I 
simply  made  the  statement  that  my  own  clinical  experience  upon 
the  human  being  could  not  confirm  Mann's  first  conclusion. 

I  am  not  in  a  position  to  confirm  or  controvert  Mann's  experi- 
mental obser\'ations.  I  gather  the  impression,  however,  from 
what  Dr.  Gatch  writes  me  of  Dr.  Mann's  experience,  that  this  ex- 
perimental work  should  rank  with  the  best  that  has  been  done 
in  the  various  experimental  and  physiologic  laboratories.  But 
the  very  best  experimental  physiologists  have  come  to  different 
conclusions,  and  apparently  from  data  gathered  from  experiments 
as  much  alike  as  it  is  possible  for  the  different  experimenters  to 
make  them. 

I  feel  that  I  must  again  record  my  disagreement  with  Mann's 
first  conclusion  based  upon  the  evidence  of  his  experimental  work. 
It  may  be  true  for  dogs,  but  it  is  apparently  not  true  for  the  human 
being.  I  have  observed  extreme  degrees  of  shock  in  operations  in 
which  the  abdomen  of  the  human  patient  had  not  been  opened  and 
in  which  there  had  been  no  hemorrhage;  that  is,  these  patients 
have  shown  the  same  low  blood-pressure  and  the  same  symptoms 
which  have  been  called  shock  when  observed  in  operations  upon 

*  Dr.  Mann  writes  me  that  all  these  experiments  were  done  under  ether  and 
chloroform  anesthesia. 
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the  abdomen.  I  am  also  sure  that  the  great  majority  of  surgeons 
will  agree  with  me. 

My  criticism,  therefore,  is  not  of  Mann's  experimental  work,  nor 
of  his  conclusions  from  the  evidence  of  this  laboratory  investiga- 
tion. I  called  attention  to  this  conclusion,  because  I  feared  that 
it  might  create  the  impression  that  trauma  in  operations  other 
than  upon  the  abdomen  was  not  an  important  factor  in  shock. 

It  is  quite  true  that  the  same  degree  of  shock  experienced  in 
operations  on  the  abdomen  is  apparently  much  more  serious  than 
when  observed  in  operations  without  the  abdomen.  It  is  also 
true,  from  my  operative  observations,  that  the  prognosis  of  shock 
not  associated  with  hemorrhage  is  as  a  rule  much  better  than  of 
shock  associated  with  hemorrhage. 

Among  my  records  there  is  an  anesthetic  chart  which  portrays 
an  extreme  degree  of  shock  apparently  due  to  an  overdose  of  ether 
only;  then  a  second  chart  recorded  during  a  shoulder-girdle  ampu- 
tation in  which  there  was  practically  no  hemorrhage.  The  only 
etiologic  factors  for  the  shock  were  ether  anesthesia  and  trauma. 

The  difference  of  opinion,  therefore,  between  Dr.  Mann  and 
myself  is  that  my  clinical  observations  do  not  confirm  his  first  con- 
clusion. 

It  is  fortunate,  however,  that  Dr.  Mann  has  taken  up  this 
physiologic  problem,  because  there  have  never  been  enough  well- 
trained  workers  interested  in  it. 

Dr,  Gatch  remarks:  "  In  regard  to  the  observation  of  shock  dur- 
ing the  operation  (upon  the  human  being)  there  are  so  many 
causes  by  which  the  signs  of  shock  can  be  produced,  and  the  term 
is  used  so  loosely,  that  I  have  found  it  impossible  nearly  always  to 
say  just  what  was  at  fault  in  a  given  case.  My  belief  is  that  the 
depth  of  narcosis  has  more  to  do  with  it  than  any  other  single 
factor.  My  reasons  for  this  are  set  forth  at  length  in  a  paper* 
entitled  *The  Effect  of  Laparotomy  upon  the  Circulation,'  and  also 
in  a  paper  soon  to  appear  in  the  American  Journal  of  Surgery  on 
*The  Proper  Depth  of  Narcosis.'  Mann  discusses  this  point  at  the 
beginning  of  his  article,  and  I  am  in  complete  accord  with  his  con- 
clusions that  the  word  shock  is  used  almost  as  vaguely  as  the  word 
rheumatism.  The  gist  of  Mann's  article  is  that  shock  and  hemor- 
rhage are  practically  identical,  that  experimental  shock  is  simply 
due  to  an  extensive  extravasation  of  the  elements  of  blood  into  the 
peritoneal  tissues,  that  this  change  is  due  to  a  traumatic  inflamma- 
tion, and  that  the  central  nervous  system  has  little  to  do  with  the 

*  Trans.  Amer.  Gynec.  Soc.,  1914. 


762  JOSEPH   C.    BLOODGOOD 

condition.  Of  course,  we  should  use  the  most  extreme  care  in 
handling  the  abdominal  viscera.  This  is  not  from  the  danger  of 
nervous  stimuli  acting  upon  the  central  nervous  system,  but  from 
the  danger  of  traumatic  inflammation  in  the  peritoneal  cavity." 

Mannas  conclusion  4-  "The  vasomotor  center  is  not  depressed 
nor  fatigued.  It  is  the  most  resistant  of  all  vital  centers.  The 
peripheral  and  un traumatized  visceral  arteries  are  constricted  in 
shock." 

Bloodgood's  criticism:  "This  must  be  a  very  diflScult  thing  to 
prove  or  disprove.  Crile  has  always  favored  the  theory  of  fatigue 
or  exhaustion,  Meltzer  inhibition,  while  Howell,  from  his  experi- 
ments, is  of  the  opinion  that  there  is  more  than  one  factor  influenc- 
ing this  center.  Apparently  from  the  standpoint  of  pure  physiol- 
ogy the  exact  relationship  of  the  vasomotor  center  to  shock  seems 
still  to  be  theoretical." 

There  also  seems  to  be  a  difference  of  opinion  among  other  con- 
tributors. 

It  is  because  of  this  difference  of  opinion  that  we  can  feel  quite 
sure  that  the  problem  of  the  etiologic  factors  of  shock  are  by  no 
means  solved,  and  for  this  reason  trained  experimental  surgeons, 
such  as  Dr.  Mann,  are  urgently  needed  and  should  be  welcomed  and 
aided  and  stimulated  by  wholesome  and  honest  criticism. 

The  clinical  surgeon  whose  day's  work  brings  him  into  intimate 
contact  with  the  problems  of  operative  mortality  and  post-opera- 
tive complications  should  endeavor  to  bring  before  the  experi- 
mental surgeon  his  practical  needs.  Today,  in  surgery,  shock  and 
infection  are  the  most  practical  problems.  The  clinical  surgeon 
needs  help  in  both. 

In  the  past,  many  men  have  been  of  the  opinion  that  research 
work  in  the  various  departments  of  universities  has  for  its  object 
simply  the  search  for  the  unknown,  irrespective  of  the  needs  of  the 
community  in  which  the  university  is  situated.  In  recent  years 
the  universities  which  have  apparently  made  the  greatest  progress 
have  been  those  whose  research  laboratories  have  worked  upon, 
and  solved,  problems  helpful  to  the  immediate  needs  of  the  people; 
for  example,  the  University  of  Wisconsin,  with  its  Department  of 
Agriculture,  has  brought  forth  the  great  development  of  scientific 
farming  in  the  Northwest. 

The  laboratories  of  physiology  in  many  of  our  universities  have 
not  as  a  rule  been  interested  in  solving  the  problems  of  the  im- 
mediate need  of  the  medical  profession.  Fortunately,  in  recent 
years,  in  some  of  the  medical  schools,  special  departments  of  experi- 
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mental  surgery  and  physiology  have  been  organized,  often  inde- 
pendent of  the  older  departments,  and  in  these  new  laboratories 
the  workers  have  been  chiefly  interested  in  the  investigation  of 
problems  of  immediate  practical  importance  to  the  practising 
smrgeon  and  physician. 

In  spite  of  the  fact  that  physiologists  have  differed  as  to  the 
exact  etiologic  factors  in  shock,  their  experimental  work  has  been 
helpful  to  the  surgeon  in  the  recognition,  prevention,  and  treat- 
ment of  shock. 


ELECTIVE  LOCALIZATION  OF  STREPTO- 
COCCI * 


EDWARD    C.    ROSENOW 


The  general  systemic  distribution  of  microorganisms  in  certain 
diseases  with  a  localized  focus  is  well  established,  but  the  factors 
which  determine  the  localization  of  bacteria  after  they  gain  en- 
trance into  the  circulation  are  obscure. 

In  this  paper  I  wish  to  record  a  summary  of  the  results  obtained 
from  the  intravenous  injection,  under  a  standard  technic,  of 
streptococci  isolated  from  appendicitis,  ulcer  of  the  stomach  and 
duodenum,  cholecystitis,  rheumatic  fever,  erythema  nodosum, 
herpes  zoster,  epidemic  parotitis,  myositis  and  endocarditis,  and 
to  discuss  the  bearing  of  these  results  on  localization  of  streptococci. 

Technic 
The  streptococci  were  usually  grown  from  sixteen  to  twenty- 
four  hours  at  37°  C,  in  tall  columns  of  ascites  (10  per  cent.)  dextrose 
(0.2  per  cent.)  broth  (0.6+  to  0.8+)  to  which  sterile  tissue  (guinea- 
pig  kidney  or  heart  muscle)  was  often  added;  the  sterility  of  the 
ascites  fluid  and  broth  containing  the  tissue  was  always  proved 
beforehand.  After  incubation  smears  were  made  the  cultures 
were  centrifuged  in  the  containers  in  which  they  were  cultivated,! 
the  supernatant  fluid  was  decanted,  and  the  sediment  suspended 
in  sodium  chlorid  solution  so  that  1  c.c.  of  the  suspension  contained 

*  From  the  Memorial  Institute  of  Infectious  Diseases,  Chicago,  and  the  Mayo 
Foundation,  Rochester,  Minn.  Reprinted  from  Jour.  Amer.  Med.  Assoc.,  1913, 
Ixv,  1687-1691. 

t  The  common  eight-ounce  nursing  bottle  is  used  both  as  a  culture  flask  and 
centrifugal  tube,  and  serves  the  purpose  admirably. 
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the  growth  from  15  c.c.  of  broth.  The  doses  for  rabbits  (ear  vein) 
were  usually  from  0.5  to  3  c.c.,  and  for  dogs  (leg  vein)  from  1  to 
5  c.c.  of  this  suspension.  The  injections  were  made  quite  rapidly 
through  a  rather  fine  needle  (^^  gage),  usually  within  an  hour  after 
the  suspension  was  made.  Blood-agar  plate  cultures  were  made 
at  the  time  the  suspensions  were  injected  to  study  the  character 
of  the  organisms,  to  test  their  viability,  and  to  save  them  for  further 
study.  This  is  an  important  precaution  because  negative  results 
have  at  times  proved  to  be  due  to  early  death  of  the  recently  iso- 
lated organisms  in  the  broth  cultures.  In  the  accompanying 
table,  "when  isolated"  indicates  the  first  or  second  and,  occasion- 
ally, the  third  or  fourth  cultures,  or  the  first  culture  after  one 
animal  passage.  "Later"  indicates  that  the  strains  were  culti- 
vated for  a  week  or  longer.  "After  animal  passage"  indicates 
usually  from  the  second  to  the  sixth  animal  passage. 

The  strains  tested  from  appendicitis,  ulcer  of  the  stomach, 
cholecystitis,  rheumatic  fever,  erythema  nodosum,  myositis,  and 
endocarditis  include  strains  isolated  from  the  characteristic  lesions 
as  well  as  from  the  apparent  atrium  of  infection.  Those  from 
herpes  zoster  were  from  the  tonsils  and  spinal  fluid,  and  those 
from  epidemic  parotitis  were  obtained  by  catheterizing  Steno*s 
duct  and  from  the  tonsils.  The  strains  from  miscellaneous  sources 
were  usually  from  tonsils  approaching  the  normal  condition;  and 
the  laboratory  strains  were  streptococci  or  pneumococci  cultivated 
on  artificial  mediums  for  a  long  time  and  had  lost  all  apparent 
virulence.  The  figures  in  the  lowest  line  of  the  table  represent 
the  average  percentage  incidence  of  lesions  in  individual  organs 
following  injection  of  various  strains  of  streptococci  except  those 
from  the  specific  disease.  Thus  the  first  figure  indicates  that 
5  per  cent,  of  the  animals  injected  with  the  various  strains,  except 
those  from  appendicitis,  showed  lesions  in  the  appendix. 

Care  was  exercised  to  obtain  growths  from  the  depths  of  the 
supposed  primary  focus  with  as  little  contamination  from  the 
surface  as  possible,  the  cultures  being  made  from  the  material 
expressed  from  the  tonsils  or  from  emulsion  of  extirpated  tonsils 
after  thorough  washing  in  sodium  chlorid  solution.     The  material 
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from  the  depths  of  pyorrheal  pockets  was  obtained  by  means  of  a 
pipet. 

For  the  study  of  pathogenicitj'^  of  the  cultures,  dogs  and  rab- 
bits were  chiefly  used,  being  killed  with  chloroform  at  the  desired 
time,  usually  in  from  twenty-four  to  forty-eight  hours.  Post- 
mortem examinations  were  always  made  as  soon  after  death  as 
possible.  A  thorough  inspection  in  a  bright  light  with  the  unaided 
eye  or  with  the  aid  of  a  hand  lens  was  made  for  focal  lesions.  The 
exact  character  of  the  lesions  and  the  presence  of  the  streptococci 
in  each  of  the  various  diseases  have  been  determined  by  micro- 
scopic study  of  sections.  Cloudy  swelling  is  not  included  in  the 
results  given  in  the  table.  Hemorrhage,  localized  necrosis,  exuda- 
tion, and  infiltration  were  the  usual  lesions.  Thus,  in  case  of  the 
joints,  hemorrhage  about  the  joint  or  turbidity  of  fluid,  as  de- 
termined with  a  pipet,  or  both,  were  considered  as  evidence  of 
arthritis.  Hemorrhages  in  the  pericardium  and  turbidity  of  peri- 
cardial fluid,  due  to  leukocytes,  were  considered  as  evidence  of  peri- 
carditis. The  postmortem  study  of  animals  often  symptomless  is 
essential  to  obtain  accurate  knowledge  of  the  pathogenicity  of  a 
culture,  and  must  supplant  the  older  method  of  merely  finding 
out  whether  or  not  a  culture  produces  death,  a  method  still  too 
much  in  vogue.  The  table  includes  data  only  from  those  animals 
in  which  the  postmortem  was  comprehensive,  and  does  not  include 
some  of  the  earlier  experiments,  especially  on  endocarditis.  In- 
crease in  mortality  rate,  earlier  death,  and  greater  degree  and  dis- 
tribution of  lesions  following  standard  dosage  were  considered  as 
proof  of  high  virulence.  Changes  in  the  spleen  and  liver  were  so 
rare  following  injection  of  the  strains  as  isolated,  except  those  from 
cholecystitis,  that  they  are  not  included  in  the  table.  Acute 
splenitis  and  such  changes  in  the  liver  as  focal  necrosis,  parenchy- 
matous and  bile-duct  hemorrhages,  and  acute  degeneration  with 
marked  acidity  occurred,  however,  after  the  strains  had  acquired 
greater  virulence  from  animal  passage.  In  the  earlier  experiments 
not  sufficient  attention  was  paid  to  the  occurrence  of  lesions  in  the 
thyroid,  thymus,  suprarenals,  and  lymphatic  glands.  Later  a 
closer  search  for  lesions  in  these  structures  was  made,  especially 
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after  it  was  found  that  lesions  in  the  thyroid  followed  intravenous 
injection  of  bacteria  isolated  from  goiter.  It  must  be  said,  too, 
that  strains  of  streptococci  from  rheumatic  fever,  myositis,  and 
cholecystitis  produce  hemorrhages  in  the  thyroid  quite  commonly, 
while  those  from  other  sources  rarely  produce  them. 

Results 
A  study  of  the  table  shows  that  streptococci  from  the  various 
diseases  often  have  a  most  striking  affinity  or  tropism  for  the  organs 
or  tissues  from  which  they  are  isolated.  Thus,  14  strains  from  ap- 
pendicitis produced  lesions  in  the  appendix  in  68  per  cent,  of  the 
68  rabbits  injected,  which  is  in  marked  contrast  to  an  average  of 
only  5  per  cent,  (given  in  lowest  line  of  table)  of  lesions  in  the 
appendix  in  the  animals  injected  with  the  strains  as  isolated  from 
sources  other  than  appendicitis.  Eighteen  strains  from  ulcer  of  the 
stomach  or  duodenum  produced  hemorrhages  in  60  per  cent,  and 
ulcer  of  the  stomach  or  duodenum  in  60  per  cent.,  a  combined 
total  of  74  per  cent,  of  the  103  animals  injected,  in  contrast  to  an 
average  of  20  per  cent,  hemorrhages  and  9  per  cent,  ulcer  follow- 
ing injection  of  other  strains.  Twelve  strains  from  cholecystitis 
produced  lesions  in  the  gall-bladder  in  80  per  cent,  of  the  41  animals 
injected,  in  contrast  to  an  average  incidence  of  lesions  here  of  only 
11  per  cent,  with  the  other  strains.  Twenty -four  strains  from 
rheumatic  fever  produced  arthritis  in  66  per  cent.,  endocarditis  in 
46  per  cent.,  pericarditis  in  27  per  cent.,  and  myocarditis  in  44  per 
cent,  of  the  71  animals  injected,  in  contrast  to  an  average  of 
arthritis  in  27  per  cent.,  endocardial  lesions  in  14  per  cent.,  peri- 
carditis in  2  per  cent.,  and  myocarditis  in  10  per  cent,  of  the  ani- 
mals injected  with  strains  from  sources  other  than  rheumatic 
fever.  Six  strains  from  erythema  nodosum  produced  lesions  of 
the  skin  in  90  per  cent,  of  20  animals  injected,  in  contrast  to  an 
average  of  2  per  cent,  in  the  animals  injected  with  the  strains  from 
sources  other  than  erythema  nodosum  and  herpes  zoster.  Eleven 
strains  from  herpes  zoster  produced  herpetiform  lesions  of  the  skin, 
lips,  tongue,  or  conjunctivae  in  77  per  cent,  of  the  61  animals  in- 
jected, in  contrast  to  the  average  of  only  1  per  cent,  of  what 
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seemed  to  be  herpes  of  the  skin  with  the  other  strains.  Nine  strains 
of  streptococcal  organism  from  epidemic  parotitis  produced  lesions 
in  one  or  both  parotid  glands  in  73  per  cent,  of  the  19  animals 
injected  intravenously,  in  contrast  to  no  instance  of  lesions  here 
with  the  other  strains.  Three  strains  from  cases  of  true  myositis 
produced  myositis  in  75  per  cent,  and  myocarditis  (chiefly  of  the 
right  ventricle)  in  35  per  cent,  of  the  40  animals  injected,  in  con- 
trast to  an  average  of  myositis  of  12  per  cent,  and  myocarditis  of 
10  per  cent,  following  injection  of  strains  from  sources  other  than 
myositis  or  rheumatic  fever;  and  eight  strains  of  Streptococcus 
viridans  from  chronic  septic  endocarditis  produced  lesions  in  the 
endocardium  in  84  per  cent,  of  the  44  animals  injected,  in  contrast 
to  an  average  of  15  per  cent,  with  the  strains  other  than  those  from 
endocarditis.  The  results  following  injection  of  the  miscellaneous 
strains  (usually  the  first  culture  from  tonsils)  and  the  laboratory 
strains  serve  as  a  basis  of  comparison  with  those  following  injection 
of  the  strains  from  the  various  diseases,  and  correspond  roughly 
with  the  total  average  incidence  of  lesions  in  the  various  organs  as 
given  in  the  lowest  line  of  the  table. 

While  the  incidence  of  lesions  in  the  organs  following  injection 
of  the  strains  isolated  from  such  organs  is  high,  as  shown  by  these 
figures,  the  appearances  at  the  necropsy  are  even  more  significant. 
In  many  instances  in  which  the  animals  survive  the  injection  for 
some  time,  no  other  focal  lesions  could  be  found  except  those  in  the 
organ  in  question;  and  when  the  animal  died  early,  these  lesions 
were  the  marked  feature  and  the  associated  ones  were  relatively 
insignificant.  Frequently  the  injection  of  a  very  small  dose  was 
sufficient  to  prove  the  elective  localization.  This  elective  property 
was  shown  not  only  by  the  cultures  from  tissues  and  foci,  but  also 
by  the  bacteria  contained  in  the  foci,  directly  injected  in  other 
animals. 

In  many  cases  of  both  acute  and  chronic  diseases  the  apparent 
atrium  of  infection  was  found  to  harbor  streptococci  having  elective 
aflSnity;  in  the  former  usually  only  at  the  time  of  the  attack,  in  the 
latter  in  some  instances  for  months.  The  elective  aflinity,  how- 
ever, was  less  marked  in  the  strains  isolated  from  the  supposed 
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focus  than  in  the  strains  isolated  from  the  lesions  in  the  various 
organs.  The  rather  wide  range  of  lesions,  as  indicated  in  the  table, 
following  the  injection  of  the  strains  from  herpes  zoster  and  paro- 
titis, is  due  to  the  fact  that  often  primary'  mixed  cultures  from 
tonsils  and  pyorrheal  pockets  were  injected. 

Attempts  to  find  a  method  which  would  preserve  the  original 
tropic  property,  while  only  partially  successful,  have  shown  that 
it  may  be  preserved  for  some  weeks  in  the  deeper  colonies  of  the 
original  shake  cultures  and  for  as  long  as  seven  months  by  keeping 
the  suspensions  containing  sterile  tissue  in  the  ice-chest,  thus  main- 
taining the  bacteria  in  a  condition  of  latent  life. 

The  localization  of  the  strains  from  appendicitis,  ulcer  of  the 
stomach,  and  cholecystitis  as  isolated,  after  cultivation  and  after 
animal  passage,  is  of  particular  interest,  and  will  be  discussed  in  a 
separate  paper.  It  should  be  stated  here,  however,  that  these 
strains  resemble  one  another  very  closely  indeed  in  cultural  and 
other  respects.  Those  from  appendicitis  are  the  least  virulent, 
those  from  ulcer  occupy  a  middle  position,  and  those  from  chole- 
cystitis are  the  most  virulent.  The  virulence  seems  to  be  one  of 
the  factors  that  determines  their  place  of  survival  after  intravenous 
injection.  Now  if  the  localization  is  dependent  to  a  certain  extent 
on  virulence,  then  the  occurrence  of  ulcer  and  cholecystitis  should 
become  greater  as  the  strains  from  the  appendix  are  passed  through 
animals,  and  appendicitis  should  occur  oftener  after  the  strains 
from  ulcer  and  cholecystitis  lose  virulence  from  cultivation  on  arti- 
ficial mediums.  This  is  found  actually  to  be  the  case  (see  figures  in 
table).  In  this  connection  other  facts  should  be  mentioned.  None 
of  the  strains  from  appendicitis  produced  pancreatitis.  The 
strains  from  ulcer  and  cholecystitis  as  isolated  (mostly  those  from 
acute  cases)  produced  pancreatitis  in  3  per  cent,  and  5  per  cent., 
respectively,  of  the  animals  injected.  After  animal  passage, 
pancreatitis  occurred  in  15  and  19  per  cent.,  respectively,  while 
after  cultivation  on  artificial  mediums  pancreatitis  was  not  ob- 
tained. 

Lesions  in  the  intestines,  exclusive  of  the  duodenum,  were  more 
common  with  the  strains  from  cholecystitis  and  rheumatism  than 
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with  those  from  appendicitis,  and  all  the  strains  produced  intestinal 
lesions  (chiefly  of  the  mucous  membrane  and  lymphoid  structures) 
quite  commonly  after  they  had  been  passed  through  animals, 
whereas  after  cultivation  for  a  time  no  noteworthy  lesions  were 
found  in  the  intestinal  tract. 

The  streptococci  studied  by  me  from  parotitis  resemble  the 
organism  described  by  Herb^  and,  like  hers,  produced  the  char- 
acteristic picture  of  mumps  in  dogs  when  injected  into  Steno's 
duct.  Intravenous  injection  of  these  organisms  produced  marked 
edema  and  hemorrhage  in  and  surrounding  the  parotid.  The 
aflSnity  was  so  great  that  the  streptococci  were  found  in  pure 
culture  in  the  enlarged  parotid  in  three  of  five  full-time  puppies 
removed  from  the  uterus  of  a  dog  which  was  chloroformed  during 
a  marked  parotitis  following  injection  into  Steno's  duct.  Antigens 
prepared  from  a  number  of  these  strains  were  found  to  bind  specifi- 
cally complement  in  serum  from  parotitis  (Howell). 

Lesions  in  the  skeletal  muscles  occurred  in  75  per  cent,  of  the 
animals  injected.  The  number  of  lesions  in  the  muscles  and  myo- 
cardium in  the  animals  injected  with  strains  from  myositis  was 
often  in  proportion  to  the  quantity  injected,  and  occurred  mostly 
in  the  tendinous  portion  and  in  the  right  ventricle. 

Lesions  in  the  kidney  were  especially  common  after  injections 
of  streptococci  from  rheumatic  fever  (39  per  cent.)  and  from  endo- 
carditis (20  per  cent.).  These  occurred  chiefly  in  the  medullary 
portion  (Rosenow^)  in  the  former  and  in  the  glomeruli  in  the  latter. 

Lesions  in  the  lung,  consisting  usually  of  hemorrhages  and 
edema,  were  rare  following  injection  of  the  strains  when  isolated 
and  after  they  were  cultivated  on  artificial  mediums  but,  just  as 
was  found  previously  (Rosenow*),  they  occurred  oftener  after 
the  virulence  was  increased  by  animal  passage. 

That  the  streptococci  are  the  underlying  cause  of  the  diseases 
from  the  lesions  of  which  they  were  isolated  is  indicated  further 
by  the  fact  that  they  have  elective  affinity  for  the  corresponding 
structures  in  animals.  Moreover,  the  fact  that  the  same  strepto- 
coccus may  be  made  to  localize  in  different  organs  is  in  consonance 
with  the  knowledge  that  streptococci  may  cause  diseases  with 
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different  symptomatology.  The  possibility,  however,  that  they 
are  secondary  invaders  to  some  ultramicroseopic,  filterable  organ- 
ism has  to  be  considered.  Filtrates  of  the  streptococcal  cultures 
from  various  diseases  were  injected  intravenously.  In  some 
instances  the  filtrates  produced  lesions  in  the  organs  from  which 
the  strains  were  isolated;  the  lesions,  however,  were  not  due  to 
living  organisms,  because  the  broth  which  was  inoculated  and 
incubated  with  the  tissues  failed  to  produce  any  lesions.  The  re- 
sults, while  inconclusive,  may  be  said  to  indicate  that  streptococci 
produce  substances  which  cause  injury  specifically  in  the  tissues 
from  which  the  strains  are  isolated. 

General  Discussion 
The  results  obtained  are  in  harmony  with  the  facts  that — (1) 
"septic  sore  throat"  is  due  to  streptococci  having  peculiar  proper- 
ties^; (2)  certain  epidemics  of  throat  infection,  due  to  streptococci, 
are  more  frequently  complicated  by  sinusitis  than  others;  (3)  dis- 
tinct differences  in  the  character  of  the  lesion  in  the  lung  and 
mortality  rate  in  pneumonia,  as  shown  by  Cole,*  are  due  to  pneu- 
mococci  so  nearly  alike  as  to  require  sensitive  biologic  tests  to  dif- 
ferentiate them;  (4)  hemolytic  streptococci  frequently  have  a 
marked  affinity  for  joints,  and  (5)  Friedlander  bacilli  in  arthritis 
show  elective  affinity  for  joints  in  animals  when  other  strains  do 
not  (Dick^).  The  "organotropic"  condition  of  streptococci  is 
analogous  to  the  affinity  of  the  tetanus  toxin  for  the  motor  ganglion 
cells,  of  the  diphtheria  bacillus  for  the  faucial  tonsils,  of  the  menin- 
gococcus for  the  meninges,  of  the  pneumococcus  for  the  lung,  of 
the  typhoid  bacillus  for  lymphatic  tissues,  of  the  virus  of  rabies  for 
the  central  nervous  system,  of  the  organism  of  anterior  poliomy- 
elitis for  the  anterior  horns  of  the  spinal  cord,  of  the  malarial  para- 
site for  the  red  blood-corpuscle,  and  of  the  Trichina  spiralis  for 
muscles.  The  results,  moreover,  are  in  accord  with  the  well- 
known  fact  that  chemicals  when  injected  intravenously  also  local- 
ize unequally  in  various  organs.^  The  changes  in  the  distribution 
of  lesions  as  the  streptococci  are  altered  by  cultivation  on  arti- 
ficial mediums  or  by  animal  passage  are  similar  to  the  changes  in 
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localization  of  various  chemicals  or  dyes  depending  on  chemical 
constitution,  as  observed  by  Ehrlich.^  In  my  experiments  ad- 
vantage was  taken  of  the  opportunity  afforded  to  study  the  nature 
of  selective  action  from  the  standpoint  of  living  bacteria. 

Flexner*  has  shown  that  the  functioning  organ  may  be  especially 
favorable  to  the  growth  of  certain  bacteria,  although  the  organ  ex- 
tracts may  inhibit  their  growth;  hence  the  growth  of  bacteria  in 
various  organs  may  be  related  to  function  and  blood  supply. 
Streptococci  of  low  virulence  but  highly  sensitive  to  oxygen  are 
found  to  produce  lesions  in  tissues  whose  blood  supply  and  there- 
fore oxygen  and  food  requirements  are  low  (heart-valves,  tendinous 
portion  of  muscles,  and  the  structures  about  joints).  Strepto- 
cocci of  greater  virulence  are  found  to  produce  lesions  in  tissues 
whose  blood  supply  and  therefore  oxygen  and  food  requirements 
are  high  (kidney,  lung,  etc.) ;  hence  localization  and  production  of 
injury  seem  to  be  closely  related  to  the  amount  of  available  oxy- 
gen in  a  given  tissue.  The  fact  that  lesions  occurred  far  more  fre- 
quently in  the  right  ventricle  (containing  venous  blood)  than  in  the 
left  ventricle  (containing  oxygenated  blood)  is  in  accord  with  this 
hypothesis.  Might  not  the  predisposing  action  of  trauma  (locus 
minoris  resistentise),  of  exposure  to  cold,  and  of  a  drunken  bout,  to 
infection  be  best  explained  on  the  basis  of  lack  of  oxygen? 

The  changes  observed,  as  hemorrhage,  cloudy  swelling,  and 
necrosis,  from  a  purely  chemical*  as  well  as  from  a  colloid-chemical^^ 
point  of  view,  are  identical  with  the  changes  of  tissue  asphyxia.  I 
have  found  that  pneumococci  when  grown  and  autolyzed  under 
anaerobic  conditions  produce  a  much  larger  quantity  of  toxic 
material  than  when  grown  or  autolyzed  under  aerobic  conditions. 
Moreover,  pneumococcus  extracts  proved  to  be  toxic  to  warm- 
blooded animals  (guinea-pigs)  have  the  same  inhibitory  effect  on 
the  development  of  fertilized  eggs  of  arbacia  as  does  lack  of  oxy- 
gen. Since  bacteria  and  their  products  are  powerful  reducing 
agents,*^  one  of  the  chief  effects  of  the  bacteria  and  their  products 
very  likely  is  interference  with  the  normal  cell  respiration,  and 
possibly  the  greater  the  virulence,  the  more  powerful  this  inter- 
ference. 
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Although  the  circulation  is  an  important  factor  in  determining 
localization,  the  tissues  themselves  play  an  even  more  important 
r6le.  The  question  whether  the  lesions  in  the  organ  for  which  a 
particular  strain  appears  to  have  elective  affinity  are  due  to  the 
lodgment  of  a  larger  number  of  bacteria  here  than  in  the  other 
organs,  or  whether  the  bacteria  lodge  in  equal  numbers  in  the 
various  organs  but  survive  only  in  the  one  showing  lesions,  is  now 
under  study.  The  evidence  already  obtained,  however,  points 
strongly  to  the  former  mechanism.  It  appears  that  the  cells  of 
the  tissues  for  which  a  given  strain  shows  elective  affinity  take  the 
bacteria  out  of  the  circulation  as  if  by  a  magnet — adsorption. 

This  remarkable  tropic  condition  tends  to  disappear  quite 
promptly,  both  on  cultivating  the  streptococci  on  artificial  mediums 
and  on  passing  them  successively  through  animals,  and  this  may 
occur  without  demonstrable  changes  in  morphology,  grouping,  or 
character  of  chain  formation.  I  have  previously  shown"  that 
the  ability  of  Streptococcus  viridans  and  staphylococci  to  produce 
lesions  in  the  endocardium  is  due  partly  to  physical  clumping. 
Evans^^  has  shown  that  the  action  of  vital  stains  of  the  benzidin 
group  is  related  to  the  size  of  colloidal  particles.  A  careful  study 
of  smears  of  the  suspensions  injected  in  these  experiments  revealed 
no  constant  relation  between  localization  and  clumping  or  size  of 
the  bacteria. 

Individual  variations  in  resistance  to  infection  were  found  in 
the  injected  animals.  The  effects  of  these  conditions  in  the  host  as 
determining  factors  in  localization  are  important;  they  are  prob- 
ably expressions  of  differences  in  metabolism,  oxidation  rates,  etc., 
which  influence  the  soil  for  bacteria.  The  tendency  of  virulent 
bacteria,  temporarily  or  permanently,  to  render  this  soil  less  favor- 
able for  their  growth  is  well  established.  There  is  some  evidence, 
on  the  other  hand,  which  goes  to  show  that  certain  bacteria  of  very 
low  virulence  (commonly  found  in  chronic  foci  of  infection)  tend 
actually  to  make  this  soil  more  favorable.  But,  in  the  light  of 
my  results,  it  must  be  considered  that  differences  in  the  host  may 
afford  the  peculiar  type  of  reaction,  or  that  the  individual  har- 
bors a  particular  form  of  focus  of  infection  which  is  favorable  for 
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bacteria  to  acquire  elective  properties.  The  following  facts  sup- 
port the  latter  view:  (1)  The  common  occurrence  of  certain  non- 
contagious diseases,  such  as  herpes  zoster,  ulcer  of  the  stomach, 
etc.,  during  definite  age  periods;  (2)  the  fact  that  foci  of  infection 
afford  opportunity  for  bacteria  to  grow  under  varying  grades  of 
oxygen  pressure  and  in  mixed  culture,  both  of  which  have  been 
shown  to  cause  changes  in  virulence  and  other  properties  of  bac- 
teria,^* including  the  streptococcus  group  ;^^  (3)  the  occurrence  of 
systemic  infections,  such  as  rheumatic  fever,  appendicitis,  ulcer  of 
the  stomach,  etc.,  usually  after  the  acute  symptoms  in  follicular 
tonsillitis  (hemolytic  streptococci)  have  subsided,  and  (4)  the 
finding,  in  the  focus  and  involved  tissues  at  the  time  of  the  sys- 
temic infection,  of  streptococci  having  elective  aflSnity  for  these 
structures  in  animals. 

Since  different  bacteria  may  acquire  simultaneously  affinity 
for  the  same  tissue,  diseases  which  resemble  each  other  more  or 
less  closely,  such  as  the  different  forms  of  arthritis,  may  be  due  to 
bacteria  of  different  species,  each  having  elective  affinity  for  the 
particular  structures  involved. 

The  figures  in  the  lowest  line  of  the  table  represent  the  results 
of  numerous  experiments  (833)  with  streptococci  (220)  from  a  wide 
range  of  sources,  and  may  therefore  be  regarded  as  an  index  of  the 
liability  of  the  various  organs  to  infection.  Thus,  joint  lesions 
occurred  more  often  (27  per  cent.)  than  lesions  in  other  organs, 
corresponding  to  the  frequent  occurrence  of  spontaneous  arthritis 
in  man  and  animals.  The  occurrence  of  lesions  in  the  stomach 
(20  per  cent.),  valves  of  the  heart  (14  per  cent.),  myocardium  (12 
per  cent.),  and  skeletal  muscles  (12  per  cent.)  correspond  in  a  gen- 
eral way  to  the  occurrence  of  infection  in  these  organs  in  man.  The 
very  infrequent  involvement  of  the  skin,  tongue,  and  the  parotid  in 
the  animals  is  in  keeping  with  the  rarity  of  embolic  infections  in 
these  structures.  The  character  of  the  lesions  and  their  occurrence 
simultaneously  in  the  joints,  heart,  muscles,  and  kidney,  and  the 
development  of  chorea  (7  per  cent.,  mostly  in  young  rabbits)  fol- 
lowing injection  of  the  streptococci  from  rheumatic  fever,  parallels 
quite  closely  the  phenomena  of  rheumatic  infection  as  observed  in 
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man.  The  strains  from  erythema  nodosum  resemble  those  from 
rheumatic  fever,  producing  a  relatively  high  incidence  of  arthritis, 
pericarditis,  and  myositis,  a  fact  which  supports  the  view  held  by- 
clinical  observers,^^  that  the  causative  agents  of  rheumatic  fever 
and  erythema  nodosum  must  be  similar. 

The  tendency  to  localize  electively  within  a  limited  range, 
"monotropism,"  is  most  highly  developed  in  the  relatively  non- 
virulent  strains  isolated  from  chronic  lesions.  In  the  more  vir- 
ulent strains  from  acute  lesions  and  after  animal  passage,  this 
tendency  is  less  highly  developed,  the  lesions  occurring  over  a 
wider  range,  "polytropism."  The  fact  that  the  elective  property 
is  more  highly  developed  in  streptococci  isolated  from  the  organ 
involved,  than  in  those  isolated  from  the  probable  focus  of  infec- 
tion, is  in  accord  with  the  results  obtained  by  Forssner,^^  who 
showed  that  when  streptococci  are  grown  in  kidney  and  kidney 
extracts  they  acquire  a  special  predilection  for  the  kidney  when 
injected  intravenously.  Since  the  bacteria  which  have  grown  in 
a  given  tissue  acquire  greater  affinity  for  this  tissue,  the  likeli- 
hood of  these  bacteria  to  involve  other  structures  is  relatively  slight; 
hence  the  secondary  focus,  a  cholecystitis,  for  example,  would 
appear  to  be  less  important  as  a  distributer  of  bacteria  than  the 
primary  focus;  if,  however,  the  secondary  focus  happens  to  be  in  a 
joint,  of  which  there  are  many,  it  may  play  an  important  r6le  in 
causing  extension  to  uninvolved  joints  and  in  preventing  recovery. 

The  bearing  that  these  results  have  on  the  specific  treatment 
of  these  diseases  is  evident.  The  injection  of  a  streptococcus  vac- 
cine or  antistreptococcus  serum  without  regard  to  the  tropic  con- 
dition of  the  infecting  strain  or  the  one  used  in  their  preparation  is, 
in  the  light  of  these  results,  far  from  an  exact  method  of  treatment. 
However,  the  occasional,  seemingly  good  result  observed  by  some 
may  be  due  to  the  use  of  a  serum  or  vaccine  made  from  strains  in 
the  same  tropic  condition  as  the  one  infecting  the  individual  so 
treated. 

The  results  detailed  in  this  and  in  previous  papers  seem  to  bring 
the  necessary  experimental  proof  that  chronic  foci  of  infection  play 
a  most  important  role  in  causing  systemic  disease,  a  fact  which  has 
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been  observed  and  frequently  commented  on  by  different  observers, 
but  has  been  recognized  in  its  full  clinical  significance  especially 
by  Billings.^*  A  focus,  such  as  a  pocket  in  the  tonsil  which  cannot 
heal  for  mechanical  reasons,  and  which  is  constantly  filled  with  pus 
and  necrotic  material,  teeming  with  bacteria,  must  be  regarded  in 
the  light  of  these  findings  as  a  culture  tube  with  a  permeable  wall 
affording  abundant  opportunity  for  the  entrance  of  bacteria  and 
their  products. 
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THE  ETIOLOGY  AND  EXPERIMENTAL  PRO- 
DUCTION OF  HERPES  ZOSTER 

EDWARD  C.  ROSENOW  AND  SVERRE  OFTEDAL 


In  our  preliminary  note  ^  we  reported  the  production  of  herpes 
of  the  skin,  tongue,  and  lips,  and  lesions  in  the  corresponding 
ganglia,  in  a  large  number  of  animals  injected  with  streptococci 
isolated  from  the  tonsils,  the  pyorrheal  pockets,  the  sputum,  and 
spinal  fluid  in  herpes  in  man.  In  this  paper  we  wish  to  review 
briefly  the  development  of  our  knowledge  of  herpes,  record  the 
results  of  the  cultures  and  other  findings  in  the  cases  studied,  give 
details  of  representative  experiments,  and  discuss  the  significance 
of  our  results. 

Historic  Review 
The  first  rehable  report  of  observations  concerning  the  etiol- 
ogy of  herpes  zoster  was  that  of  von  Bfirensprung  ^  in  1861.  He 
advanced  the  theory  of  a  nervous  origin,  and  later'  demon- 
strated an  acute  inflammatory  condition  of  the  ganglion  corre- 
sponding to  the  region  affected.  C.  Boeck,  in  1878,  demonstrated 
pus  infiltration  of  the  Gasserian  ganglion  in  the  case  of  a  girl  who 
died  with  meningeal  symptoms,  and  in  whom  herpes  of  the  face 
had  developed.  Wyss*  and  Sattler*^  each  reported  a  case  of  zoster 
of  the  ophthalmic  branch  of  the  trigeminal  nerve.  In  the  former  of 
these,  in  which  death  occurred  seven  days  after  the  appearance  of 
the  eruption,  hemorrhages  were  noted  in  and  around  the  Gasserian 
ganglion;  there  was  interstitial  "purulent  inflammation"  of  the 
ganglion  and  small  abscesses  of  the  eye  muscles.  In  the  latter, 
with  death  fourteen  days  after  the  eruption,  there  were  found 

*  Reprinted  from  Journal  of  Infectious  Diseases,  1916,  xviii. 
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round-cell  infiltration  of  the  ganglion,  destruction  of  the  ganglion- 
cells,  and  degeneration  of  the  ophthalmic  nerve,  the  other  two 
branches  of  the  trigeminal  nerve  being  normal.  Lesser*  reported 
three  cases  of  zoster  of  the  trunk  in  which  degenerative  changes  and 
hemorrhages  were  found  within  and  surrounding  the  ganglia  corre- 
sponding to  the  area  of  herpes.  In  1900  the  classic  work  of  Head 
and  Campbell^ appeared  in  which  the  etiology  of  herpes  zoster  was 
thoroughly  considered  on  the  basis  of  pathologic  findings  in  15 
autopsies  and  400  clinical  cases  which  came  under  Head's* observa- 
tion during  his  notable  work  on  the  subject  of  referred  pain  in 
visceral  disease.  They  conclude  that  herpes  zoster  is  a  specific 
infectious  disease  which  confers  inmiunity,  the  number  of  recur- 
rences being  between  1  and  2  per  cent. ;  that  the  specific  virus  has 
an  aflSnity  for  the  nervous  system,  particularly  for  the  ganglia, 
in  which  there  are  found  inflanmiatory  changes,  acute  or  chronic, 
according  to  the  length  of  time  between  the  appearance  of  the  erup- 
tion and  death.  They  propose  to  consider  the  disease  as  an  acute 
posterior  poliomyelitis,  in  contradistinction  to  acute  anterior 
poliomyelitis.  They  were  unable  to  demonstrate  microorganisms 
in  the  aflFected  ganglia.  There  is  much  other  evidence  tending  to 
prove  the  infectious  nature  of  the  disease.  As  early  as  1892  Head 
described  a  form  of  herpes  as  an  acute  specific  infection.  Blaschko^ 
corroborated  many  of  the  findings  of  Head  and  Campbell,  and 
described  several  cases  of  herpes  zoster  with  febrile  disturbances 
and  swelling  of  the  regional  lymphatic  glands.  Oppenheim^^ 
cited  the  case  of  a  young  man  with  a  bilateral  zoster  in  the  ulnar 
region  which  was  accompanied  by  severe  swelling  of  the  glands. 
He  also  stated  that  epidemics  of  the  disease  have  been  reported, 
notably,  as  cited  by  Oppenheim,  by  Rohi,  Kaposi,  Weis,  Reily, 
and  Dopter,  in  the  latter  instance  a  house  epidemic.  Sachs^^  re- 
ported an  epidemic  that  occurred  in  Breslau. 

Microorganisms  (diplococci)  have  been  demonstrated  in  the 
spinal  fluid  by  Achard  and  Leoper,  Widal,  Brissaud-Siccard  (Op- 
penheim). Magnus  ^^  reported  a  case  which  is  very  interesting,  in 
view  of  our  experimental  observations.  The  patient,  a  man  forty- 
one  years  of  age,  had  an  attack  of  rheumatism  six  years  before  the 
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last  illness;  otherwise  he  had  been  well.  His  last  illness  was 
marked  by  grave  motor  disturbances,  and  three  weeks  before  death 
there  developed  a  herpes  zoster  over  the  left  side  of  the  chest.  Of 
the  20  spinal  ganglia  examined,  pathologic  changes  were  found  only 
in  the  third  dorsal;  hemorrhages  were  visible  macroscopically, 
while  microscopically  there  was  an  engorgement  of  the  blood- 
vessels, and  these  were  surrounded  by  marked  areas  of  round-cell 
infiltration  which  were  continued  into  the  periphery  of  the  ganglion. 
In  the  ganglion  proper  there  were  hemorrhages  and  areas  where 
only  remnants  of  the  ganglion-cells  remained.  The  round-cell 
infiltration  was  especially  marked  in  the  periphery,  about  the  blood- 
vessels. It  was  not  diffuse,  but  occurred  in  small  circumscribed 
areas.  A  painstaking  search  failed  to  reveal  any  microorganisms 
in  the  ganglia.  The  findings  in  the  cord  were  significant.  In 
the  second  and  eighth  cervical,  the  first,  second,  third,  fifth,  and 
sixth  dorsal  segments,  there  were  found  circumscribed  areas  of 
round-cell  infiltration,  especially  marked  about  the  arteria  centralis 
and  its  anterior  horn  ramifications.  In  the  second  dorsal  seg- 
ment in  the  center  of  the  anterior  horn,  within  an  area  of  round- 
cell  infiltration  adjacent  to  an  engorged  blood-vessel,  diplococci 
were  demonstrated. 

Finally,  Sunde"  reported  a  case  of  ophthalmic  herpes  in  which 
he  found  diplococci  in  the  hemorrhagic  Gasserian  ganglion. 

Howard^^  has  shown  that  the  character  of  the  reaction  in  the 
skin  in  simple  herpes  does  not  differ  essentially  from  those  in  zoster, 
and  that  simple  herpes  of  the  skin  about  the  nose  and  lips,  just  as 
herpes  of  the  trunk  in  pneumonia  and  meningitis,  is  associated 
with  lesions  of  the  Gasserian  and  spinal  ganglia. 

Trevisanello^^  isolated  pneumococci  from  the  vesicles  in  herpes 
of  the  lips  in  four  cases  of  pneumonia,  and  reproduced  vesicular 
lesions  by  inoculating  the  organism  in  normal  areas  of  skin  in  the 
same  individual.  The  virulence  of  pneumococci  was  low,  but 
could  be  increased  with  successive  animal  passages  (white  mice). 
Since  pneumococci  were  recovered  from  the  blood  also,  there  is 
no  reason  to  doubt  the  occurrence  of  lesions  in  the  ganglia  in  these 
cases. 
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That  herpes  occurs  in  the  mucous  membranes  of  the  viscera, 
the  respiratory  and  digestive  system,  and  the  kidneys  has  been  the 
belief  of  some  close  clinical  observers.  Fernet^®  cites  several  cases 
in  which  the  relation  between  visceral  disturbances  and  a  con- 
comitant herpes  zoster  was  very  striking,  this  being  particularly 
true  of  a  certain  type  of  pharyngitis  ("angine  herpetique")  and 
fibrinous  pneumonia.  Fernet  believes  that  the  former  is  due  to 
an  inflammation  of  the  glossopharyngeal  nerve,  and  the  latter  to 
lesions  along  the  vagus  and  sympathetic,  affecting  the  peripheral 
nerve-endings,  which  ramify  in  one  or  more  of  the  lobes  of  the  lungs. 
He  calls  attention  to  the  fact  that  herpes  labialis,  so  commonly 
found  in  these  diseases,  occurs  invariably  on  the  same  side  as  the 
pneumonia  or  angina.  As  evidence  of  herpes  occurring  in  the 
digestive  tract,  he  cites,  among  other  cases,  the  following:  A  five- 
year-old  boy  was  seized  in  the  evening  with  high  fever,  accompanied 
by  severe  chills  which  continued  throughout  the  night.  In  the 
morning  the  temperature  was  lower,  but  a  marked  angina  was 
present,  which  subsided  the  following  day.  Two  days  later  there 
was  a  similar  attack  of  fever,  this  time  followed  by  a  marked 
herpes  of  the  face,  neck,  trunk,  and  extremities.  The  second  day 
of  this  attack  the  patient  had  colic,  with  a  profuse  discbarge 
of  mucus  and  slightly  blood-tinged  stools.  These  attacks  lasted 
three  days  and  the  symptoms  disappeared  together  with  those  of 
herpes  of  the  skin.  The  evidence  seems  strongly  in  favor  of  a 
herpes  of  the  lower  bowel. 

Bittorf ,  ^^  Kanera,  ^*  Rosenberg, "  and  Rosenbaum  **  reported 
cases  of  renal  colic  appearing  simultaneously  with  herpes  zoster 
corresponding  to  the  affected  kidney.  Vetleson**  cited  a  case  in 
which  there  was  apparently  a  herpes  of  the  lower  intestinal  tract, 
the  patient,  on  the  second  day  after  the  eruption  of  an  inguino- 
femoral zoster,  complaining  of  a  similar  pain  associated  with  colic 
in  the  lower  abdomen.  In  this  case  cultures  were  made,  and  from 
the  herpetic  vesicles  and  spinal  fluid  a  Gram-positive  non-en- 
capsulated diplococcus  was  isolated.  Vetleson  cited  another 
interesting  case  in  which  pneumonia,  meningitis,  appendicitis, 
and  herpes  facialis  occurred  concomitantly.     He  considers  this  an 
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illustration  of  a  spread  of  the  infection  along  the  nerve-trunks  up- 
ward through  the  cervical  ganglion  to  the  meninges,  and  down- 
.  ward,  along  the  vagus  and  sympathetic,  to  the  lungs  and  appendix. 
Hunf  suggested  that  the  attacks  of  vomiting  and  slow,  ir- 
regular pulse  in  a  case  of  herpes  of  the  ear  were  probably  due  to 
involvement  of  the  vagus.  However,  postmortem  records  in 
which  lesions  of  the  visceral  nerves  or  ganglia  have  been  demon- 
strated cannot  be  found.  The  finding  of  diplococci  in  the  blister 
fluid,  the  spinal  fluid,  and  in  the  ganglia  in  the  above  isolated  in- 
stances suggests  strongly  that  herpes  zoster  is  a  streptococcus  infec- 
tion. The  necessary  experimental  proof,  however,  has  heretofore 
not  been  brought  forward. 

Technic 
The  technic  employed  in  the  experimental  production  of  herpes 
zoster  was  essentially  that  used  by  one  of  us  (Rosenow^)  in  connec- 
tion with  experiments  on  appendicitis,  erythema  nodosum,  and 
ulcer  of  the  stomach.  The  cultures  were  made  by  expressing  pus 
from  crypts  and  abscesses  in  the  tonsils,  from  the  depths  of  pyor- 
rheal  pockets,  and  from  blister-fluid  obtained  by  means  of  sterile 
pipets.  The  spinal  fluid  was  obtained  by  aspirating  it  gently  into 
a  sterile  glass  syringe  so  as  to  avoid  possible  contamination  from 
the  air.  Inoculations  were  made  on  blood-agar  plates  and  blood- 
agar  slants  (the  former  incubated  aerobically,  the  latter  anae- 
robically),  and  into  tall  columns  (10  to  12  cm.)  of  0.2  per  cent, 
dextrose  broth,  to  which  sterile  ascites  fluid  and  sterile  tissue  were 
usually  added.  The  cultures  for  injection  were  incubated  from 
eighteen  to  forty-eight  hours  at  37°  C,  the  bacteria  sedimented 
in  the  containers  in  which  they  were  cultivated,  the  supernatant 
clear  fluid  decanted,  and  suspensions  made  in  salt  solution  so  that 
1  c.c.  of  the  emulsion  contained  the  growth  from  15  c.c.  of  broth. 
In  all  instances  at  the  time  of  injection  control  cultures  were  made 
of  the  suspensions  on  blood-agar  plates  to  prove  the  viability  of 
the  organisms  and  to  study  them  further.  The  injections  were 
usually  made  intravenously,  but  intraperitoneal  and  subcutaneous 
injections  were  made  in  some  instances,  and  included  emulsions 
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of  extirpated  tonsils,  mixed  cultures  obtained  from  tonsils  and 
pyorrheal  pockets,  pure  cultures  of  streptococci  from  the  spinal 
fluid  in  herpes  zoster  in  man,  and  pure  cultures  of  streptococci 
obtained  from  the  spinal  fluid  or  ganglia  in  animals  showing  ex- 
perimental herpes.  The  primary  cultures  from  the  foci,  usually 
mixtures  of  streptococci  and  staphylococci,  were  often  injected 
directly  and  the  bacteria  studied  later.  The  animals  were  handled 
carefully,  examined  daily,  and  often  caged  separately  so  as  to  avoid 
accidental  lesions  of  the  skin  which  might  be  mistaken  for  herpes. 
Herpes  about  the  mouth,  tongue,  or  eyes  was  easily  detected,  while, 
owing  to  the  large  amount  of  hair,  herpes  of  the  trunk  was  found 
during  life  only  when  the  lesions  were  marked.  The  lesions  of  the 
trunk  were  best  observed  on  the  under  surface  of  the  skin  after 
death.  Chloroform  was  used  to  kill  the  animals  that  survived  the 
injection  (60  per  cent.).  The  examinations  were  made  as  soon 
after  death  as  possible. 

In  order  to  be  sure  that  the  streptococcus  in  herpes  was  not 
merely  an  invader  of  the  ganglia  secondary  to  some  unknown 
filterable  virus,  injections  were  made  of  the  filtrates  of  the  strep- 
tococcus cultures.  Tissues  for  microscopic  study  were  fixed  in 
formalin  and  Zenker's  fluid.  The  sections  were  stained  with 
hematoxylin  and  eosin  and  for  bacteria  by  the  Gram-Weigert 
method. 

Review  of  Cases;  Results  of  Cultures  and  Animal  Experi- 
ments 
The  following  is  a  review  of  the  clinical  facts  in  the  cases  studied, 
the  results  of  the  cultures  and  animal  experiments  and  the  details 
of  representative  experiment  in  each. 

Case  267. — Recurring  brachial  herpes  in  a  woman  forty-five 
years  of  age,  otherwise  in  good  health.  The  attacks  had  occurred 
usually  in  the  spring  and  fall,  following  contraction  of  a  cold,  but 
without  symptoms  of  distinct  tonsillitis.  February  10,  1915,  the 
tonsils  were  examined  and  found  small,  atrophic,  and  covered  by 
the  anterior  pillars.  Cultures  were  made  from  the  pus  expressed 
from   pockets  in  the   tonsils,   and  on  February  ISih  practically 
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pure  cultures  of  streptococcus,  green-producing  on   blood  agar, 
short  chained  in  ascites-dextrose  broth,  were  demonstrated. 

Four  guinea-pigs,  three  rabbits,  and  one  dog  were  injected;  all 
showed  herpes  of  the  skin  or  mucous  membrane  of  the  tongue. 

Rabbit  33,  injected  February  11,  1915,  with  the  growth  from 
30  c.c.  of  ascites-dextrose-tissue  broth,  was  found  dead  February 
12th.     On  removing  the  skin  several  hemorrhagic  vesicular  areas 


,^^ 


Fiy.  tS«. — Herp«9  as  seen  on  the  under  surface  of  the  skin,  over  the  lower  right  thoracic  reirion,  in 
a  rabbit  twenty-four  hours  after  an  intravenous  injection  of  the  streptococcus  from  herpes  zoster 
(^1).     Note  particularly  the  vesicular  character  of  one  of  the  lesions  (natural  size). 


were  found  over  the  left  shoulder.  A  number  of  hemorrhagic 
vesicles  were  found  at  the  juncture  of  the  mucous  membrane  of 
the  upper  lip  and  skin,  and  adjacent  to  the  lower  incisor  teeth. 
The  tongue  showed  numerous  vesicular  areas,  many  of  which  were 
ruptured,  and,  as  a  result,  much  of  the  mucous  membrane  of  the 
tongue  was  absent  (Fig.  247).  The  Gasserian  ganglia  appeared 
edematous,  and  on  cross-section  showed  small  hemorrhagic  areas. 
The  third  and  fourth  left  dorsal  ganglia,  corresponding  to  the  area 
of  herpes  over  the  shoulder,  were  hemorrhagic,  and  there  were  a 
'15—50 
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few  small  hemorrhages  in  the  peritoneal  coat  of  the  appendix  and 
sigmoid,  two  rather  large,  edematous,  hemorrhagic  areas  of  the 
mucous  membrane  of  the  stomach,  and  marked  degeneration  and 
acidity  of  the  liver.  There  were  no  hemorrhages  of  the  meninges, 
brain,  or  cord.  The  spinal  fluid  was  slightly  turbid  and  tinged  with 
blood.  On  February  ISth  blood-agar  plate  cultures  made  from  the 
blood  and  from  the  fluid  aspirated  from  the  hemorrhages  in  the 
skin  showed  a  large  number  of  streptococci  and  a  moderate  number 
of  staphylococci.     Sections  of  the  upper  lip  through  the  herpes 


Fig.  233. — Herpes  of  the  skin  of  the  upper  aspect  of  the  right  thigh  of  Rabbit  62,  forty -eight  hours  after 
an  intravenous  injection  of  the  streptococcus  from  the  tonsil  in  Case  281  (X  4). 

area  showed  desquamation  of  epithelium  and  separation  of  cells, 
together  with  infiltration  of  the  epidermis  with  red  blood-corpuscles 
and  a  few  round-cells  (Fig.  248,  a).  In  the  deeper  layers  of  the 
hemorrhagic  area  (Fig.  248,  b)  were  a  thrombosed  blood-vessel 
(Fig.  248,  c)  and  a  rather  large  number  of  diplococci  and  chains, 
while  near  the  surface  staphylococci  also  were  found.  No  bac- 
teria were  found  in  blood-vessels  that  did  not  show  changes,  but 
in  the  thrombosed  vessels  a  moderate  number  of  streptococci  were 
disclosed  (Fig.  249).  Also  portions  of  the  sections  that  did  not 
show  changes  were  free  from  bacteria. 
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Case  270. — Typical  acute  thoracic  herpes  zoster  in  a  woman 
forty-five  years  of  age.  Without  known  cause  the  attack  began 
February  9th  with  severe  pain  in  right  side  of  chest.  The  patient 
once  had  frequent  attacks  of  tonsiUitis,  but  none  since  she  had  had 
acute  rheumatic  fever  associated  with  jaundice  thirteen  years 
before.     For  the  past  three  months  she  had  lost  in  weight  and  had 


\ 


Fig.  €3*. — Thrombosis  of  the  vein  (a)  and  perivascular  infiltration  {b)  of  the  posterior  root  adjacent 
to  the  ganglion  corresponding  to  the  area  of  herpes  shown  in  Fig.  233  (XHO). 


had  a  subacute  arthritis  of  the  right  knee,  with  symptoms  sug- 
gestive of  gastric  ulcer.  February  11th  there  were  marked  redness 
and  blistering  over  the  painful  area  on  the  right  side  of  chest. 
February  12ih  her  tonsils  were  removed;  February  17th  she  was 
free  from  pain,  and  the  herpetiform  lesions  were  nearly  healed. 
Cultures  from  the  emulsified  tonsils  show  practically  a  pure  culture 
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of  a  slightly  green-producing  streptococcus.  The  emulsion  from 
the  tonsils  in  NaCl  solution  and  the  cultures  in  ascites-dextrose 
broth  of  streptococci  as  isolated,  and  after  one  animal  passage 
when  injected  intravenously  in  6  dogs  and  10  rabbits,  produced 
herpes  in  4  dogs  and  4  rabbits.  After  2  passages  one  rabbit  showed 
marked  herpes  of  the  tongue,  while  after  3  and  4  passages  the 
streptococci  failed  to  cause  herpes  in  the  3  rabbits  injected.  Of 
the  4  guinea-pigs  injected  intraperitoneally,  1  showed  herpes  over 
the  left  shoulder  and  over  the  lumbar  region.  Three  rabbits  in- 
jected after  the  strain  had  been  cultivated  for  one  week  failed  to 
show  herpes. 


Fig.  9S5. — Diplococci  in  a  leukocyte  within  the  thrombosed  vein  shown  in  Fig.  234  (X  1200>. 

Rabbit  37. — Injected  February  13th  with'  15  c.c.  of  the  emulsion 
of  the  tonsil  in  NaCl  solution.  February  16th  it  seemed  well. 
Chloroformed.  Circumscribed  vesicular  eruption  on  the  under 
surface  of  the  skin  of  the  lateral  aspect  of  the  head  was  found.  The 
areas  of  herpes  measured  from  0.5  to  1  cm.  in  diameter,  were  bi- 
laterally placed,  brownish  in  color,  and  situated  in  the  skin  proper. 
On  cross-section  of  these  areas  much  fluid  exuded.  There  was 
suppurative  arthritis  of  the  left  shoulder-joint.  Rather  large 
amount  of  distinctly  turbid,  blood-tinged  cerebrospinal  fluid. 
February  19th  cultures  of  the  blood  and  right  Gasserian  ganglion 
gave  a  pure  culture  of  Streptococcus  \nridans;  those  from  the 
shoulder- joint    showed    Streptococcus    viridans    and    hemolj'tic 


THE    ETIOLOGY   OF   HERPES   ZOSTER 


789 


streptococci;    the  fluid  from  the  vesicular  areas  in  the  skin  was 
sterile. 

Dog  217. — February  13th  a  medium-sized  white  dog  was  in- 
jected intravenously  with  the  growth  from  75  c.c.  of  dextrose- 
tissue-broth  of  the  original  culture  from  the  tonsil.  February  15th 
the  dog  seemed  quite  well,  but  tender  over  the  left  lower  thorax. 
Chloroformed.  On  removing  the  skin  a  number  of  circumscribed 
areas  were  found  showing  a  hemorrhagic  vesicular  eruption  opposite 
the  eighth  and  ninth  ribs  on  the  left  side.     On  shaving  the  skin  it 


Fig.  iS6. — Diplococci  in  the  hemorrhagic  and  infiltrated  area  surrounding  the  9pinal  nerve  in  the 
vertebral  foramen  corresponding  to  the  area  of  herpes  shown  in  Fig.  233  (XWOO). 


was  seen  that  only  one  of  these  had  blistered  (Fig.  237) ;  the  others 
showed  only  marked  hyperemia  on  the  surface  of  the  skin.  An 
area  of  localized  meningitis  was  found  in  the  cortex  between  the 
hemispheres.  The  eighth  and  ninth  dorsal  spinal  ganglia  on  the 
left  side  did  not  show  hemorrhages  on  the  surface,  but  on  cross- 
section  showed  distinct  areas  of  hemorrhage.  Joint  fluid  was 
turbid.  February  16th  cultures  from  the  blood,  edematous  fluid 
in  the  vesicles  and  joint  were  found  sterile.  Sections  of  the  eighth 
dorsal  ganglion  showed  marked  congestion,  irregular  staining  of 
the  ganglion-cells,  hemorrhage,  especially  in  the  sheath,  round- 
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cell  infiltration  (Fig.  238,  a),  and  thrombosis  of  the  accompany- 
ing artery  (Fig.  238,  b).  The  ninth  dorsal  ganglion  showed  simi- 
lar changes,  including  a  thrombosis  of  its  vein.  Altogether,  14 
Gram-positive  diplococci  were  found  in  these  two  ganglia.  Serial 
longitudinal  sections  of  the  eighth  and  ninth  dorsal  ganglia  and 
of  the  accompanying  nerve-roots  showed  that  the  thrombosed 
vessels  were  the  artery  and  vein  supplying  them.  Cross-sections 
of  the  cord  at  the  level  corresponding  to  the  eighth  dorsal  vertebra 
showed  two  areas  of  hemorrhage  in  the  gray  matter  in  the  pos- 
terior columns.     The    nerve-cells   surrounding    the    hemorrhage 
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Fig.  2S7. — Herpes  of  the  skin  over  the  left  thorax  of  Dog  217,  forty-eight  hours  after  an  intrareiKma 
injection  of  the  streptococcus  from  the  tonsil  of  Case  270  (X  2^)- 


stained  irregularly,  and  under  high  power  considerable  blood- 
pigment  was  found.  The  blood-vessel  accompanying  the  posterior 
root  just  at  the  exit  of  the  nerve-fibers  from  the  cord  and  beneath 
the  dura  was  almost  completely  plugged  by  polymorphonuclear 
leukocytes  and  other  cells  (Fig.  239).  Prolonged  search  resulted  in 
the  finding  of  4  diplococci,  1  free  in  the  vessel,  2  within  leukocytes, 
and  1  in  the  wall  of  the  vessel  on  the  side  of  the  nerve.  Sections 
at  two  sUghtly  different  levels  showed  hemorrhages  in  the  posterior 
nerv^e-root  and  a  thrombosed  blood-vessel  under  the  dura  directly 
opposite  the  posterior  root. 
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Case  276. — Severe  unilateral  herpes  zoster  involving  the  left 
thoracic  region,  of  four  days'  duration,  in  a  laborer  forty-nine  years 
of  age.  The  blistering  was  marked,  the  pain  intense.  The  patient 
thought  he  had  high  fever  at  the  onset  of  the  disease,  but  with 
the  appearance  of  the  eruption  it  disappeared.  He  had  never 
had  a  similar  attack.  The  man  was  poorly  nourished,  seemed 
ill,  coughed,  and  raised  small  amounts  of  sputum,  but  lung 
findings  were  negative.  February  22d  tonsil  examination  showed 
cryptic  tonsils  and  teeth  surrounded  by  marked  gingivitis. 
Cultures  were  made  from  the  pus  expressed  from  the  tonsils,  the 
material  drawn  into  a  pipet  from  the  inflamed  gums,  the  sputum, 
spinal  fluid,  blister  fluid,  and  blood.  The  spinal  fluid  was  clear, 
but  smears  from  the  sediment  showed  a  moderate  number  of 
mononuclear  cells  in  which  there  were  a  few  diplococci.  February 
23d  cultures  from  the  blood  were  sterile;  the  spinal  fluid  gave  a 
pure  culture  of  a  short-chain  streptococcus  and  a  few  colonies  of 
streptococci  in  ascites-dextrose  agar.  Culture  from  the  tonsils, 
teeth,  and  sputum  showed  chiefly  green-producing  colonies  of 
streptococci,  Micrococcus  catarrhalis,  and  staphylococci.  Cultures 
from  the  clear  blister  fluid  remained  sterile;  those  from  the  bloody 
blister  fluid  gave  a  few  chains  of  diplococci,  a  spore-forming 
bacillus,  and  staphylococci. 

The  original  cultures  from  the  tonsils,  pus-pockets  about  the 
teeth,  and  sputum,  in  ascites-dextrose-broth  were  each  injected 
intraperitoneally  into  one  guinea-pig,  all  three  developing  herpes. 
Intravenous  injections  of  cultures  of  the  streptococcus  from  each  of 
these  into  one  dog,  one  rabbit,  and  one  guinea-pig  each  (9  animals 
in  all)  were  followed  by  herpes  in  all  but  one  dog  and  one  rabbit. 
The  pure  culture  of  the  streptococcus  from  the  spinal  fluid  of  these 
animals  showed  herpes  in  two  rabbits  and  one  dog.  After  cultiva- 
tion from  one  to  two  weeks,  this  streptococcus,  when  injected  into 
five  rabbits  and  two  dogs,  failed  to  produce  herpes.  The  strepto- 
coccus from  the  spinal  fluid  (second  culture)  produced  herpes  of  the 
eye  and  lip  and  hemorrhage  in  the  corresponding  ganglion  in  a  dog. 

Rabbit  46. — February  23d  injected  intravenously  with  the 
growth  from  60  c.c.  of  ascites-dextrose- tissue  broth  of  a  pure  culture 
of  Streptococcus  viridans  from  the  infected  gums.  February  24th 
chloroformed.  Marked  herpes  of  the  tongue  (Fig.  244),  marked 
areas  of  localized  edema  in  the  lung  and  mucous  membrane  of  the 
trachea  suggestive  of  herpes  were  found.  There  were  a  moderate 
number  of  localized  hemorrhages  and  edema  of  the  mucous  mem- 
brane of  the  stomach,  with  one  ulcer  near  the  lesser  curvature 
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and  one  in  the  fundus.  Moderate  turbidity  of  the  joint-fluid  from 
both  knees.  Spinal  fluid  slightly  blood-tinged.  The  Gasserian 
ganglia  appeared  edematous,  but  no  distinct  hemorrhages  could 
be  made  out.  February  26th  the  blood,  spinal  fluid,  Gasserian 
ganglia,  and  joint-fluid  showed  a  large  number  of  green-producing 
streptococci,  and  plate  cultures  from  the  ulcer  in  the  cardiac  end 


Fig.  ^8. — Leukocytic  in61tratioD  in  and  surrounding  a  ganitlion  (a)  and  thrombosis  of  the  adjacent 
artery  of  the  apinal  ganglion  (6)  corresponding  to  the  area  of  herpes  shown  in  Fig.  ^7  (X  65). 


of  the  stomach  showed  500  colonies  of  streptococci.  Sections  of  the 
ganglia  of  the  vagus  nerve  showed  one  rather  large  hemorrhage 
between  the  cell-groups,  and  Gram-Weigert  stains  showed  a  few 
diplococci  in  the  hemorrhagic  area.  Sections  through  the  ulcerated 
area  at  the  tip  of  the  tongue  showed  desquamation,  infllt ration, 
and  necrosis  of  the  epithelium  (Fig.  245,  a),  slight  round-cell  in- 
filtration of  the  underlying  muscle  (Fig.  245, 6),  and  an  aggregation 
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of  leukocytes  in  a  small  adjacent  blood-vessel  (Fig.  245,  c).  Stains 
for  bacteria  showed  a  large  number  of  Gram-staining  diplococci 
covering  the  ulcerated  area  (Fig.  246). 

Dog  222, — Medium-sized  brown  and  white  dog.  February  23d 
injected  intravenously  with  the  growth  from  90  c.c.  of  ascites- 
dextrose-broth  of  the  culture  obtained  from  the  tonsil.  February 
25th  seemed  quite  well.    Chloroformed.     Marked  hemorrhage  and 


Fig.  2S0. — ^Thrombosed  blood-vessel  accompanying  the  posterior  nerve-root  within  the  dura  of  the 
ganglion  shown  in  Fig.  238.     Note  the  large  number  of  polymorphonuclear  leukocytes  (X475). 


edema  found  in  the  very  lowest  portion  of  the  esophagus  and  the 
first  portion  of  the  stomach.  This  did  not  have  the  appearance 
of  the  usual  hemorrhages,  and  the  blood  was  unquestionably  diluted 
with  serous  fluid.  A  number  of  herpetiform  lesions  could  be  found 
under  the  pleura  in  the  left  lung,  on  the  upper  surface  of  the  lower 
lobe.  The  largest  of  these  measured  0.5  by  4  cm.  (Fig.  254,  a). 
The  contents  of  these  areas  consisted  of  hemorrhagic  edematous 
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fluid.  The  sympathetic  and  vagus  ganglia  on  the  right  side  were 
embedded  in  an  area  of  hemorrhage;  the  spinal  fluid  was  distinctly 
turbid;  no  lesions  could  be  found  in  the  spinal  ganglia.  The  liver 
showed  marked  congestion;  the  joint  fluids  were  clear.  February 
26ih  cultures  from  the  blood,  joint  fluid,  spinal  fluid,  bile,  and 


Fig.  440. — Hemorrhage  and  leukocytic  infiltrHtion  (a)  of  a  spinal  nnglion  and  of  the  associated 
nerve  in  Rabbit  47,  twenty-four  hours  after  an  intravenous  injection  of  the  streptococcus  from  sputuai 
in  a  case  of  severe  thoracic  herpes  zoster  (<76)  ( X60). 


edematous  fluid  from  the  herj)etiform  lesions  in  the  lung  were 
sterile.  Sections  of  the  spinal  cord,  the  spinal,  sympathetic,  and 
vagus  nerves,  and  a  number  of  spinal  ganglia,  corresponding  to 
the  segment  of  the  lesion  of  the  stomach,  showed  no  changes.  The 
vagus  and  the  sympathetic  ganglia  showed  no  gross  lesions  \inthin 
their  substance,  but  the  capsules  and  the  surrounding  areolar  tissue 
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were  hemorrhagic.  The  accompanying  blood-vessel  of  the  sympa- 
thetic ganglion  showed  a  beginning  thrombosis;  the  thrombus  filled 
one-half  the  lumen  of  the  vessel,  and  consisted  chiefly  of  poly- 
morphonuclear leukocytes  and  large  mononuclear  cells.  Gram- 
Weigert  stains  showed  diplococci  in  the  hemorrhagic  area  and  a 
few  within  the  thrombus.  Section  of  the  herpes-like  area  in  the 
lung  showed  dilatation  of  capillaries,  hemorrhage  and  edema  into 
alveoli,  but  with  little  leukocytic  infiltration  (Fig.  255). 
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Fif(.  241. — Diplococci  and  streptococci  in  the  in61trated  area  shown  in  Fig.  240  (X1200). 

Rabbit  ^7. — Injected  intravenously  February  23d  with  the 
growth  from  25  c.c.  of  ascites-dextrose-broth  of  a  culture  from  the 
sputum.  February  24thy  found  dead.  Numerous  small  punctate, 
hemorrhages  in  the  skin  of  both  ears,  some  of  these  distinctly 
vesicular  in  character.  A  ruptured  vesicle  was  found  near  the 
inner  angle  of  the  right  eye  and  near  the  juncture  of  the  cornea. 
The  left  eye  was  normal  except  for  some  hemorrhage  and  edema, 
especially  over  the  lower  lid.  A  number  of  these  had  ruptured  and 
glued  together  the  margin  of  the  lids.  On  the  upper  left  lid  a  dis- 
tinct vesicle  in  the  subcutaneous  tissue  was  found.  A  few  lesions 
were  found  in  the  fascia  covering  the  subscapular  muscles  on  the 
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right  side.  The  spinal  cord  and  gangUa  showed  no  apparent  change. 
The  Gasserian  ganglia  appeared  edematous.  The  middle  ears 
showed  a  marked  exudation,  and  there  was  infiltration  of  pus 
along  the  auricular  branches  of  the  fifth  nerve  as  they  passed  along 
the  anterior  upper  aspect  of  the  temporal  bone.  Fluid  from  knee- 
joints  turbid,  smears  showing  leukocytes  and  diplococci.  February 
26th  a  large  number  of  green-producing  streptococci  in  pure  culture 
were  obtained  from  the  blood,  spinal  fluid,  and  Gasserian  ganglia. 
Sections  of  the  left  Gasserian  ganglion  showed  small  areas  of  hemor- 
rhage and  round-cell  infiltration  which  was  most  marked  in  an 
area  at  the  juncture  between  the  nerve  and  ganglion.  The  infiltra- 
tion extended  along  the  nerve-sheath  for  a  considerable  distance 
(Fig.  240,  a) .  A  rather  large  number  of  diplococci  were  found  in  the 
infiltrated  areas,  but  not  in  the  normal  portion  (Fig.  241).  Sec- 
tions of  the  spinal  cord  showed  no  changes,  but  the  left  spinal 
ganglion  at  a  level  corresponding  to  the  lesions  found  in  the 
shoulder  showed  slight  leukocytic  infiltration  and  small  hemor- 
rhages. 

Pig  69. — ^A  medium-sized  white  and  black  guinea-pig  was 
injected  intraperitoneally  February  2Sd  with  the  growth  from  15 
c.c.  of  ascites-dextrose-broth  from  the  sputum.  February  2\iK 
very  ill.  Chloroformed.  Herpes  of  the  upper  lip  and  inner  nos- 
trils was  seen  only  from  the  under  surface  of  the  skin.  There  were 
serofibrinous  peritonitis  and  pleuritis;  marked  hemorrhages  of  the 
stomach;  marked  degeneration  and  acidity  of  the  liver.  There 
were  no  gross  lesions  of  the  Gasserian  ganglia,  but  sections  showed 
areas  of  hemorrhages  in  which  were  found  a  number  of  diplococci. 
No  diplococci  could  be  found  in  the  more  normal  portion. 

Dog  221. —  Medium-sized  fox-terrier,  injected  February  2M 
with  the  growth  from  90  c.c.  of  ascites-dextrose-tissue-broth  of  the 
culture  from  the  sputum.  February  25th  lame  in  the  left  hind  leg. 
Chloroformed.  One  herpetiform  lesion  in  the  subcutaneous  fat 
over  the  left  shoulder-blade  and  turbid  fluid  from  the  left  knee. 
No  other  gross  findings  except  a  large  amount  of  the  usual  turbid 
spinal  fluid.  February  26th  cultures  from  the  joint  fluids  and  blood 
and  spinal  fluids  were  sterile.  Sections  of  the  cord  showed  no 
hemorrhages.  The  ganglia  and  associated  nerve-roots  showed 
areas  of  round-cell  infiltration  in  which  a  few  diplococci  were  found. 

Case  278. — Typical  severe  thoracic  herpes  zoster  in  robust 
laborer  forty-four  years  of  age.  The  area  involved  showed  num- 
erous small  and  large  blisters,  and  was  supplied  by  the  left  seventh 
and  eighth  intercostal  nerves,  and  extends  from  the  median  line 
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in  the  back  to  the  median  line  in  front.  The  pain,  which  began 
three  days  before,  was  still  severe;  blistering  occurred  one  day 
before.  The  patient  had  been  well  for  years  except  for  an  attack 
of  sciatica  nine  months  before.  Cultures  were  made  from  the 
small  amount  of  pus  expressed  from  the  chronically  infected  tonsils 
and  from  the  pus  aspirated  from  the  depth  of  several  pyorrheal 
pockets  and  from  the  blister  fluid.  February  2Sd  cultures  on  blood- 
agar  plates  from  the  tonsils  and  pyorrheal  pockets  yielded  chiefly 
Streptococcus  viridans,  a  few  colonies  of  hemolytic  streptococci, 
and  a  moderate  number  of  staphylococci.  The  cultures  from  the 
blister  fluid  were  sterile.  Smears  from  the  cultures  in  ascites- 
dextrose-broth  showed  very  long  chains  and  clumps  of  streptococci, 
and  larger,  short-chained  diplococci  resembling  pneumococci  and 
staphylococci.  March  12th  the  patient  was  examined  again  and 
cultures  made  exactly  as  before.  He  was  entirely  free  from  pain 
for  ten  days  and  feeling  as  well  as  ever.  The  cultures  obtained 
from  the  teeth  were  injected  into  one  rabbit,  but  it  failed  to  develop 
herpes.  The  original  culture  from  the  tonsils,  containing  both 
staphylococci  and  streptococci,  produced  herpes  in  two  out  of 
three  rabbits  and  in  one  dog.  The  mixed  culture  of  the  strep- 
tococcus and  staphylococcus  obtained  from  the  spinal  fluid  of  the 
dog  showing  herpes,  produced  herpes  in  two  dogs  and  one  rabbit. 
The  broth  culture  filtrate  from  the  tonsil  proved  to  be  sterile.  It 
was  injected  into  two  rabbits,  neither  of  which  developed  herpes. 
The  culture  obtained  from  the  tonsil  on  March  12th,  after  recovery, 
was  injected  in  three  rabbits,  one  of  which  developed  herpes. 

Dog  225, — A  large  brown  and  white  dog  injected  intravenously 
February  24th  with  the  growth  from  90  c.c.  of  ascites-dextrose- 
broth  from  the  tonsil.  February  25th  it  seemed  ill  and  in  pain. 
Slight  pressure  over  lower  thorax  caused  animal  to  yelp.  No  vis- 
ible changes  of  the  skin.  No  herpes  about  the  mouth  or  eyes. 
February  26th  seemed  somewhat  better  than  the  day  before.  No 
herpes  could  be  made  out,  but  the  skin  over  the  right  lower  thorax 
was  distinctly  hyperemic.  February  27th,  9  a.  m.,  extremely  tender 
over  the  thorax.  There  were  two  large,  bluish-red,  edematous 
areas,  approximately  5x8  cm.,  in  the  skin  over  the  lateral  and 
lower  aspects  of  the  thorax.  Slight  pressure  here  caused  the  dog 
to  yelp.  On  watching  the  dog  for  some  hours  the  pain  seemed  to 
be  especially  severe  at  intervals  of  from  ten  to  thirty  minutes, 
during  which  time  it  cried  out  and  rolled  from  side  to  side  as  if 
in  great  pain.  The  animal  was  alert  mentally,  and  when  petted 
or  spoken  to  kindly  wagged  its  tail.     The  condition  grew  worse; 
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breathing  labored.  A  number  of  blisters  appeared  over  the  lower 
thorax.  The  animal  was  now  chloroformed  and  examined  at  once. 
The  skin  over  the  lower  and  anterior  portion  of  the  thorax  on  both 
sides  showed  marked  hemorrhage,  edema,  swelling  and  blistering 
over  areas  approximately  6  x  10  cm.,  the  long  axis  being  parallel 
with  the  ribs.  These  were  surrounded  by  numerous  smaller  her- 
petic lesions  (Fig.  242),  some  of  which  did  not  involve  the  thick, 
hair-covered,  overlying  epidermis.  The  edema  and  infiltration  of 
the  large  areas  extended  through  the  wall  of  the  chest  over  a  small 
area  (3  cm.)  on  both  sides,  where  th^  peritoneum  was  blistered. 
All  gradations  in  the  character  of  the  fluid  in  the  lesions,  from  a 
clear  serous  fluid  to  a  deeply  blood-tinged  and  bloody,  purulent 
fluid,  were  found.     The  larger  areas  appeared  infected.     It  was 


Fijf.  242. — A  number  of  the  smaller  areas  of  herpes  of  the  skin  over  the  thorax  of  Dog  i-iS,  se^-entj  - 
two  hours  after  an  intravenous  injection  of  the  streptococcus  from  the  tonsil  in  a  case  of  severe  thormcic 
herpes  zoster  (278)  (natural  size). 

impossible  to  shave  away  the  hair  over  these  areas  without  causing 
the  blisters  to  rupture.  Herpetiform  lesions  were  also  found  over 
the  lower  portion  of  the  abdomen,  of  the  prepuce,  and  under  the 
right  shoulderblade.  The  peritoneal  cavity  contained  a  moder- 
ate amount  of  turbid  fluid.  The  stomach  in  extreme  spasm  con- 
tained no  food,  but  a  moderate  amount  of  bloody  mucus,  which 
reacted  faintly  acid  to  litmus.  The  mucous  membrane  of  the 
fundus  and  pyloric  end  of  the  stomach  showed  edematous,  raised, 
and  opaque  areas,  in  which  were  found  many  small  hemorrhages 
and  a  number  of  superficial  erosions.  These  areas  had  the  typical 
appearance  of  herpetiform  lesions.  The  liver  showed  marked  con- 
gestion and  mottling.  The  wall  of  the  gall-bladder  contained  four 
circumscribed,  edematous,  hemorrhagic  areas,  resembling  herpes. 
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The  kidneys  appeared  normal  except  for  several  circumscribed 
opaque,  edematous  areas  resembling  infarcts.  The  lungs  appeared 
normal,  except  that  there  were  altogether  seven  subpleural,  circum- 
scribed, elevated  collections  of  bloody  serum  having  the  appearance 
of  vesicles.  The  myocardium  was  opaque  and  showed  a  number  of 
small  infarcts  (2x5  mm.).  The  left  auricle  contained  two  herpeti- 
form  lesions  at  the  juncture  of  the  auricular  appendix  and  the  main 
body  of  the  auricle.  One  of  these  appeared  to  involve  the  sino- 
auricular  node.  The  spinal  ganglia  in  the  lower  cervical  and  upper 
dorsal  region,  especially  on  the  right  side,  were  embedded  in  dark 
clotted  blood.  The  hemorrhagic  areas  here  were  often  fused,  giving 
the  appearance  of  an  acute  diffuse  pachyleptomeningitis.  Similar 
but  smaller  hemorrhages  were  found  around  the  ganglia  and  cord 
in  the  lumbar  region.  The  vagus  and  right  sympathetic  ganglia 
were  surrounded  by  small  hemorrhages  and  appeared  edematous. 
The  brain,  vagus  and  sympathetic  nerves,  the  thyroid,  adrenals, 
pancreas,  the  mucous  membrane  of  the  mouth,  eye,  and  esophagus, 
the  spleen,  testicles,  and  extremities,  appeared  normal.  February 
28th  cultures  were  made  from  the  brain  substance,  the  herpetiform 
lesions  in  the  gall-bladder,  and  the  lung;  the  bile  and  joint  fluid  were 
sterile.  The  cultures  from  an  infarct  in  the  myocardium,  from  the 
blood,  and  from  two  subcutaneous  lesions  showed  Staphylococcus 
aureus  only.  The  more  marked  lesions  in  the  skin  showed  istaphy- 
lococci,  a  large  bacillus,  and  streptococci.  The  peritoneal  and 
spinal  fluids  yielded  staphylococci  and  streptococci.  Ascites- 
dextrose-agar  plate  cultures  of  the  emulsified  tissue  of  two  of  the 
herpes-like  areas  in  the  stomach  gave  30  and  50  colonies  of  strepto- 
cocci. Section  of  the  involved  skin  showed  edema,  leukocytic 
infiltration,  and  hemorrhage,  especially  of  the  deeper  layers.  The 
squamous  epithelium  in  portions  was  raised,  desquamated,  and  in 
some  areas  sloughed  away  (Fig.  243).  The  deeper  cuboidal  cells 
were  everywhere  intact.  Gram  stains  showed  clumps  of  cocci  in 
diplococci  and  short  chains,  and  a  few  bacilli  in  areas  showing 
leukocytic  infiltration.  In  the  intercostal  and  abdominal  muscles 
from  the  involved  area  were  marked  interstitial  infiltration  and 
hemorrhage.  The  spinal  ganglia  and  posterior  nerve-roots  cor- 
responding to  the  areas  of  herpes  of  the  thorax  were  surrounded 
by  marked  hemorrhages  and  leukocytic  infiltration  which  extended 
into  the  sheath.  The  associated  blood-vessels  showed  partial 
thrombosis.  A  moderate  number  of  diplococci  and  a  few  round 
single  and  clumped  cocci  were  found  in  the  hemorrhagic  area 
showing    blood-pigment.     Longitudinal    sections   of   the   subcu- 
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taneous  nerves  running  into  the  involved  area  disclosed  no 
changes  except  infiltration  of  the  sheath  in  the  involved  area. 
Proximal  to  this  point  there  were  no  changes.  The  vagus  ganglion 
was  surrounded  by  hemorrhages  and  leukocytic  infiltration,  chiefly 
of  the  capsule  of  the  ganglion  and  nerve-sheath  for  a  short  distance 
(Fig.  256).     Diplococci  were  found  in  the  hemorrhagic  area.     The 


Fig.  248.— Section  of  the  skin  through  the  area  of  herpes  (Fig.  «4*2)  owfthe  thorax  in  Dog  «5, 
seventy-two  hours  after  an  intravenous  injection  of  the  streptococcus  from  the  tonsil  in  Case  i78. 
Note  the  desquamation  of  the  epidermis  (a)  and  the  leukoc.vtic  infiltration  (6)  (X35). 


sympathetic  ganglion  showed  no  changes  except  slight  hemorrhage 
beneath  its  sheath.  There  were  no  changes  in  the  vagus  and  sympa- 
thetic nerves  remote  from  the  ganglia.  The  areas  resembling  herpes 
under  the  pleura  in  sections  showed  extravasation  of  blood  into  the 
distended  alveoli.  The  blood-corpuscles  in  the  alveoli  were  sep- 
arated and  did  not  fill  them  completely. 
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Case  281. — ^Recurring  herpes  zoster  involving  the  upper  and 
outer  aspects  of  the  right  thigh  in  a  nervous  woman  forty  years  of 
age.  The  attacks  had  occurred  yearly  during  early  spring,  and 
usually  were  not  associated  with  distinct  tonsillitis  or  other  appar- 
ent infection.  Three  years  before  she  had  had  a  severe  attack  of 
bilateral  thoracic  herpes  zoster,  and  since  then  had  had  more  or 
less  distress  after  meals,  suggesting  duodenal  ulcer.  The  attack 
here  described  began  ten  days  after  the  onset  of  a  typical  attack  of 
diphtheria.  Seven  days  after  the  temperature  was  normal  (two 
days  before  the  attack  described),  and  after  the  throat  cultures 
had  failed  to  show  diphtheria  bacilli,  the  patient  began  to  have 
pain  in  the  outer  aspect  of  the  thigh,  followed  by  redness  and 
blistering  on  the  third  day  after  appearance  of  pain.  February 
25th:  The  tonsils  small  but  red;  from  the  crypts  was  expressed  a 
small  amount  of  fluid  pus.  Cultures  were  made  from  the  pus  ex- 
pressed from  the  tonsil  and  from  the  blister-fluid.  February  26ih, 
blood-agar  plate  cultures  gave  a  large  number  of  green  colonies 
of  streptococci  and  Micrococcus  catarrhalis.  Loeffler's  serum 
slants  yielded  no  diphtheria  bacilli.  Smears  from  the  ascites- 
dextrose-tissue-broth  cultures  showed  pure  culture  of  a  short- 
chained  streptococcus.  The  cultures  from  the  blister-fluid  were 
negative.  March  3d  the  patient  had  fully  recovered;  pain  was 
absent;  blistered  areas  nearly  healed.  Cultures  were  again  made 
from  the  tonsils.  March  4th  blood-agar  plates  inoculated  with 
material  from  tonsils  showed,  as  before,  many  green  colonies  of 
streptococci;  a  few  colonies  of  hemolytic  streptococci  and  Micro- 
coccus catarrhalis,  but  smears  from  the  broth  cultures  showed 
much  longer  chains  of  streptococci  than  those  in  the  former  culture. 
The  primary  culture  from  the  tonsil  pus  during  the  attack  was 
injected  into  two  dogs  and  two  rabbits.  Only  one  rabbit  developed 
herpes.  The  culture  of  the  streptococcus  obtained  pure  from  the 
spinal  fluid  of  this  rabbit  was  injected  into  six  rabbits  and  one  dog, 
of  which  four  rabbits  developed  herpes.  The  result  in  the  dog  was 
negative.  The  filtrate  of  the  broth  culture,  thought  to  be  sterile, 
but  from  which  a  few  streptococci  were  isolated  later,  produced 
herpes  of  the  right  lower  abdomen  and  outer  aspect  of  the  right 
thigh,  associated  with  hemorrhage  of  the  corresponding  ganglion 
in  the  one  rabbit  which  was  injected  (see  experiment  on  Rabbit  50) , 
and  herpes  of  the  upper  lip  in  one  of  two  dogs  previously  injected 
with  the  growth  from  the  tonsil.  A  portion  of  the  above  filtrate 
was  refiltered  and  again  injected  intravenously  into  a  rabbit  of 
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the  same  size.  No  herpes  developed,  and  cultures  made  from  the 
sediment  of  a  centrifuged  portion  remained  sterile.  The  cultures 
made  after  the  patient  had  recovered  failed  to  produce  herpes  in 
the  one  rabbit  injected. 

Rabbit  62, — Injected  intravenously  February  26,  1915,  with 
the  growth  from  45  c.c.  of  ascites-dextrose-tissue-broth  from  the 
tonsil.  February  28th,  seemed  ill  and  as  if  in  pain.  Marked  herpes 
of  the  skin  of  both  ears.  Chloroformed.  The  skin  of  both  ears 
was  studded  with  numerous  small  hemorrhages  and  vesicular 
areas  (1  to  7  mm.  in  diameter).  These  bear  no  relation  to  the  site 
of  the  injection.  A  number  of  the  vesicular  areas  had  ruptured, 
and  the  dried  serum  covered  the  area.  On  cutting  across  a  number 
of  these  a  relatively  large  amount  of  serosanguineous  fluid  exuded. 
There  was  herpes  of  the  skin  over  the  upper  aspect  of  the  thighs 
(more  marked  over  right)  and  lower  abdomen  (Fig.  233).  The 
herpes  followed  the  distribution  of  the  cutaneous  nerves.  The 
mucous  membrane  of  the  tongue  was  edematous  at  points,  and  a 
few  ruptured  blisters  were  found  along  the  margin.  The  duo- 
denum showed  four  edematous  hemorrhagic  areas  1  cm.  beyond  the 
pyloric  ring.  Three  of  these  were  distinctly  vesicular,  while  the 
fourth  was  a  small  submucous  fading  hemorrhage.  The  gall- 
bladder wall  contained  six  small,  whitish,  edematous  areas  over 
the  fundus.  The  kidneys  were  pale,  and  presented  a  peculiar 
appearance  (Fig.  251).  The  capsule  was  raised  in  areas  by  clear 
fluid  which  escaped  on  section.  When  the  capsule  was  stripped, 
much  fluid  exuded  and  some  of  the  edematous  opaque  areas  were 
found  to  extend  into  the  cortex  for  a  considerable  distance.  The 
cut  surface  was  very  moist.  The  medulla  was  grayish  red.  The 
mucous  membrane  of  the  pelvis  was  edematous  and  blistered  in 
areas.  The  mucous  membrane  of  the  ureters  and  bladder  showed 
no  changes.  The  pericardial  sac  contained  a  moderate  amount  of 
turbid  fluid;  the  parietal  layer  was  edematous.  The  myocardium 
was  mottled  grayish-red;  the  endocardium,  normal.  The  lungs 
showed  a  peculiar  mottled  appearance,  but  no  distinct  vesicles 
could  be  found.  The  right  Gasserian  ganglion  was  edematous. 
The  right  auriculotemporal  nerve  was  surrounded  by  pus.  The 
drum-membrane  and  lining  of  the  middle  ear  on  this  side  were 
edematous  and  hemorrhagic,  and  the  cavity  contained  thin  pus 
in  which  a  number  of  diplococci  were  found.  The  left  Gasserian 
ganglion  and  middle  ear  presented  a  similar  appearance.  The 
meninges  were  dry;  the  brain,  cervical  and  dorsal  ganglia  appeared 
normal.     In    the    lumbar    region    extradural    hemorrhages    sur- 
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rounded  the  posterior  nerve-roots  and  ganglia.  No  gross  hemor- 
rhages could  be  made  out  on  the  freshly  cut  surface  of  the  ganglia 
and  cord.  The  sympathetic  ganglion  on  the  right  side  and  vagus 
ganglion  on  the  left  side  were  surrounded  by  hemorrhages.  Those 
on  the  opf>osite  side  showed  less  change.  Diplococci  showing  dis- 
integration were  found  in  the  hemorrhagic  area  surrounding  the 
left  vagus  ganglion  (Fig.  253).  The  stomach,  liver,  pancreas, 
spleen,  lymph-glands,  eyes,  thyroid,  and  joints  were  normal. 
March  1st,  cultures  from  spinal  fluid,  Gasserian  ganglion,  peri- 
cardial fluid,  kidney,  and  blood  yielded  short-chained,  green-pro- 
ducing streptococci  only.  Sections  of  the  cord,  nerve-roots,  and 
ganglia  corresponding  to  the  area  of  herpes  showed  slight  round- 


Fig.  ^44. — Marked  herpes  of  the  tongue  in  Rabbit  4G,  twenty-four  hours  after  an  intravenous  injection 
of  the  streptococcus  from  a  pyorrheal  pocket  in  a  case  of  severe  thoracic  herpes  zoster  (276)  ( X'2?4)- 


cell  infiltration  and  hemorrhages  of  the  posterior  horn,  of  the  cor- 
responding ganglia  and  associated  sheaths,  and  thrombosis  of  the 
accompanying  vessels  (Fig.  234).  Diplococci  here  were  easily 
found.  Sections  of  a  herpetiform  lesion  of  the  skin  of  the  ear 
showed  sloughing  of  the  epidermis,  round-cell  and  red  blood-cell 
infiltration,  and  a  few  diplococci  in  the  cutis  vera. 

Sections  of  kidney  stained  by  hematoxylin  and  eosin  exhibited 
circumscribed  areas  of  edema.  The  parenchymatous  cells  of  the 
tubules  were  swollen,  the  protoplasm  was  granular  and  vacuolated, 
the  nuclei  stained  poorly,  some  retaining  their  form,  others  showing 
disintegration.  Some  of  the  glomeruli  in  these  areas  were  dis- 
tended, the  cells  separated,  and  the  spaces  filled  with  finely  gran- 
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ular  fluid.  The  adjacent  areas  appeared  normal,  except  for 
congestion  of  the  blood-vessels,  small  hemorrhages,  and  com- 
pression of  the  tubules  and  the  glomeruli.  These  areas  extended 
well  through  the  cortex.  The  contrast  between  the  edematous 
cells  with  poorly  stained  nuclei  and  the  intermediate  portion  of 
compressed,  well-stained  cells  was  striking.  The  medullary  portion 
was  normal  except  for  marked  congestion  of  the  blood-vessels 
(Fig.  252) .  When  stained  for  bacteria,  many  diplococci  were  found 
in  radiating  lines  chiefly  between  and  within  the  cells  of  the  con- 
voluted tubules  of  the  areas  showing  the  herpes.  The  more  nor- 
mal portions  and  glomeruli  did  not  show  bacteria. 

Rabbit  66. — March  2  and  3,  1915,  large  white  Belgian  hare  in- 
jected intravenously  with  10  and  o  c.c.  of  the  filtrate  of  the  strepto- 
coccus culture  in  ascites-dextrose-tissue-broth  from  the  spinal  fluid 
of  Rabbit  62.  March  6fk  it  seemed  well.  Chloroformed.  No 
gross  lesions  were  found  except  several  areas  of  herpes,  0.5  to  1  cm. 
in  diameter,  of  the  deeper  layer  of  the  skin  over  the  left  lower 
abdomen  and  over  the  upper  and  outer  aspect  of  the  right  thigh. 
A  thorough  search  for  lesions  of  the  corresponding  spinal  ganglia 
failed  to  show  gross  lesions,  but  they  were  saved  for  microscopic 
sections.  March  8th  the  blood,  spinal  fluid,  and  lung  sterile. 
Sections  of  the  spinal  ganglia,  nerve-roots,  and  pia-arachnoid 
membrane  showed  distinct  hemorrhages  and  round-cell  infiltra- 
tion. The  associated  larger  vessels  were  surrounded  by  leuko- 
cytic infiltration.  Gram-Weigert  stains  showed  diplococci  in  the 
infiltrated  areas. 

Case  368. — Lobar  pneumonia  with  marked  herpes  of  the  lips, 
nostrils,  and  left  side  of  the  face  of  a  young  man.  March  22d,  the 
fifth  day  of  the  disease,  cultures  were  made  from  the  tonsils  and 
sputum.  March  2Sdy  cultures  from  the  tonsils  and  washed  sputum 
gave  a  large  number  of  green-producing  colonies  resembling  pneu- 
mococci.  The  former  yielded  also  hemolytic  streptococci  and 
Micrococcus  catarrhalis.  The  broth  culture  gave  chains  of  a 
diplococci.  The  culture  from  the  sputum  in  ascites-dextrose-broth 
was  injected  into  one  dog  and  one  rabbit.  The  former  developed 
herpes  of  the  lip  and  tongue;  the  latter,  of  the  left  side  of  the  face 
and  head,  and  bronchopneumonia  forty-eight  hours  after  the  in- 
jection. The  culture  from  the  tonsil  was  also  injected  into  one 
dog  and  one  rabbit.  The  former  developed  herpes  of  the  lip;  the 
latter,  herpes  of  the  conjunctiva  of  the  left  eye,  and  of  the  skin  over 
the  left  side  of  the  face  and  thorax.  The  Gasserian  ganglion  of  the 
dog  injected  with  the  tonsil-strain  showed  areas  of  hemorrhage 
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(Fig.  250,  a)  and  round-cell  infiltration  (Fig.  250,6).  The  cultures 
of  the  strain  isolated  from  the  spinal  fluid  of  the  rabbits  injected 
with  strains  from  the  sputum  and  tonsil  failed  to  ferment  inulin, 
but  otherwise  closely  resembled  pneumococci. 

Case  382. — Acute  gangrenous  thoracic  herpes  zoster  in  a  man 
fifty-six  years  of  age.  Beginning  March  30, 1905,  the  patient  had 
pain  in  the  right  lower  costal  nerve  for  a  week.     The  day  before 
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Fiff.  H5. — Section  through  a  herpetic  lesion  at  the  tip  or  the  tonffue  shown  in  Fig.  244.  Note  the 
hemorrhage  and  cellular  infiltration  (a),  the  ulceration  (6).  and  the  beginning  thrombosis  of  an  adjoin- 
ing blood-vessel  (c)  (X  75;. 

a  rash  had  appeared  over  the  tender  areas,  and  during  the  night 
a  number  of  small  blisters  appeared.  No  other  complaint  except 
nasal  catarrh  during  the  past  year.  Leukocytes,  10,000.  Hemo- 
globin, 90  per  cent.  Tonsils  small,  cryptic,  and  covered  by  anterior 
pillars.  By  making  pressure  outside  of  the  left  tonsil  a  small-sis^ 
abscess  was  ruptured.  Cultures  were  made  from  the  pus  obtained. 
April  2d  cultures  on  blood-agar  plates  yielded  chiefly  Streptococ- 
cus viridans,  a  few  hemolytic  streptococci,  and  staphylococci. 
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Injection  of  the  growth  in  aseites-dextrose-broth  culture  from  the 
tonsil  into  two  raW3its  produced  in  one  herpes  of  the  left  margin  of 
the  tongue,  marked  herpes  of  the  conjunctiva  of  the  right  eye, 
moderate  of  the  left,  and  herpes  of  the  left  side  of  the  thorax;  in 
the  other,  herpes  of  the  lateral  aspect  of  the  abdomen.  The  pure 
culture  of  streptococci  obtained  from  the  spinal  fluid  of  these  rab- 
bits produced  herpes  in  two  of  four  rabbits  injected;  in  one,  of  the 
left  thorax;  in  the  other,  of  the  lip,  tongue,  and  left  side  of  the  face. 
During  the  night  following  the  examination  the  symptoms  became 
much  worse,  and  on  April  7th  Dr.  Kretchner,  who  kindly  referred 
the  patient  to  us,  reported  that  the  patient  was  suffering  excruci- 
ating pain  and  that  there  were  numerous  ulcers  at  the  site  of  the 
lesions.  It  would  seem  that,  during  the  examination  or  later, 
there  occurred  a  new  invasion  of  the  bacteria,  which  proved  to  have 
aflSnity  for  the  posterior  ganglia,  converting  a  mild  attack  into  a 
severe  one. 

Case  391. — Acute  herpes  zoster  in  a  man  forty- three  years  of 
age  (merchant).  Forty-eight  hours  after  taking  five  grains  of 
calomel,  which  was  thought  to  have  salivated  him,  the  herpes 
began  in  the  left  lower  lip,  then  spread  to  the  left  side  of  the 
tongue,  left  buccal  surface,  and  thence  to  the  left  side  of  face,  in- 
cluding the  left  ear.  The  pain  was  intense  for  several  days  before 
the  eruption  appeared,  also  throughout  the  attack  and  afterward, 
— four  weeks  in  all, — although  the  herpes  had  healed.  There  were 
marked  swelling  and  edema  of  the  involved  areas,  especially  of  the 
ear,  which  resembled  erysipelas.  This  waj  thought  to  be  a  sec- 
ondary infection  due  to  streptococcus,  and  antistreptococcus  serum 
was  given.  A  marked  neurasthenic  state  developed  after  the 
herpes  began.  The  man  had  had  pyorrhea  for  years.  April  16th 
the  tonsils  were  found  to  be  small,  but  hyperemic  and  visibly  in- 
fected. There  was  pyorrhea,  especially  about  lower  incisors. 
Cultures  were  made  from  the  small  amount  of  pus  expressed  from 
both  tonsils  and  from  that  aspirated  from  the  pyorrheal  pockets. 
April  20th  blood-agar  plates  made  from  the  cultures  in  ascites- 
dextrose-broth  inoculated  with  the  pus  from  the  tonsils  and  teeth 
showed  Streptococcus  viridans,  staphylococcus,  and  a  few  colonies 
of  influenza  bacilli.  The  original  culture  in  ascites-dextrose-broth 
from  the  pyorrheal  pocket  was  injected  intravenously  into  two 
rabbits  and  one  dog.  One  rabbit  and  the  dog  developed  herpes. 
In  the  rabbit  the  herpes  was  situated  under  the  eye  and  left  lateral 
thorax;  in  the  dog,  in  the  right  upper  lip  and  tongue.  The  culture 
from  the  tonsil  was  also  injected  into  two  rabbits  and  one  dog; 
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of  these,  only  one  rabbit  showed  herpes,  the  skin  being  involved 
over  the  right  hip.  The  relatively  high  incidence  of  herpes  fol- 
lowing these  injections  is  in  keeping  with  the  fact  that,  while  the 
acute  symptoms  had  subsided,  the  pain  was  still  present  when  the 
cultures  were  made. 

Completely  negative  results  were  obtained  following  intra- 
venous injection  of  the  cultures  from  the  tonsils  in  a  case  of  recur- 
rent herpes  of  the  mouth,  and  with  the  cultures  obtained  from  the 
nasal  discharge  in  a  patient  suffering  from  acute  rhinitis  associated 
with  simple  herpes  of  the  lip. 


Results  of  the  Cultures 
Cultures  have  been  made  in  11  cases  of  herpes.  In  five  of  these 
there  was  marked  thoracic  herpes  zoster;  one  was  a  severe  herpes 
of  the  left  side  of  the  face  and  left  ear;  three  were  recurring  (one 
involving  the  left  arm,  one  the  outer  and  upper  aspect  of  the  right 
thigh,  and  the  other  the  mucous  membrane  of  the  mouth) ;  in  one 
there  was  a  marked  herpes  of  the  lips  and  left  side  of  the  cheek 
during  pneumonia;  in  another,  a  mild  herpes  of  the  lip  during  an 
attack  of  acute  rhinitis.  In  no  instance  was  there  acute  tonsillitis. 
The  pus-pockets  found  in  the  tonsils  were  small.  All  but  four 
patients  had  pyorrhea.  The  patients  included  one  woman,  forty- 
five  years  old,  nine  men  from  forty  to  fifty-six  years  old,  and  one 
young  man.  The  cultures  from  the  tonsils  (all  of  which  contained 
pus),  sputum,  and  pyorrheal  pockets  showed  a  preponderance 
of  moist,  green-producing  colonies  of  a  non-encapsulated.  Gram- 
staining,  short-chain,  often  lanceolate  streptococcus.  The  cul- 
tures of  the  clear  blister-fluid  in  human  herpes  were  usually  sterile, 
or  shewed  a  few  colonies  of  a  large  staphylococcus;  but  in  one 
patient  (Case  276)  cultures  from  a  hemorrhagic  blister  fluid  showed 
a  few  colonies  of  a  green-producing  streptococcus,  a  large  Gram- 
staining,  spore-forming  bacillus,  and  staphylococci.  Cultures  from 
the  spinal  fluid  and  blood  were  made  in  only  one  case.  The 
former  showed  a  pure  culture  of  the  streptococcus;  the  latter  re- 
mained sterile.  The  fermentative  powers  of  various  sugars  in 
broth  tested  in  seven  of  these  strains  proved  to  have  affinity  for  the 
ganglia.     All  but  one  produced  acid  in  saccharose;  all  but  two  in 
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salicin;  three  fermented  raffinose,  and  two,  mannite;  none  fer- 
mented inulin.  In  short,  these  streptococci  had  the  features  of  a 
pneumococcus,  except  high  virulence,  capsule,  and  inulin  fermenta- 
tive powers  (Fig.  257).  At  times  there  were  found  in  the  tonsils 
and  pyorrheal  pockets  a  few  hemolyzing  colonies  of  streptococcus, 
and  frequently  small,  dry,  and  slightly  green-producing  colonies 
of  a  smaller  streptococcus.  This  was  true  both  in  blood-agar 
plates  made  directly,  and   in   those  from   the  ascites-dextrose- 


Fig.  «46. — Diplococci  covering  the  base  of  herpetic  ulcer  of  the  tongue  shown  in  Figs.  *44  and  *"43 

(X1«00). 

broth  cultures.  Micrococcus  catarrhalis  was  commonly  present 
in  the  usual  numbers.  The  cultures  diflfered  from  those  of  the 
tonsils  in  other  diseases  in  that  they  showed  an  unusually  large 
nimiber  of  staphylococci.  Anaerobic  cultures  on  blood-agar  w«« 
not  characteristic. 


Results  of  Intravenous  Injections 
In  the  table  is  given  a  summary  of  the  results  (see  table)  of  the 
injection  of  the  strains  when  first  isolated,  after  cultivation  for  a 
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time,  and  after  animal  passage.  Sixty-one  animals  were  injected 
with  11  strains  as  isolated.  Of  these,  70  per  cent,  showed  herpes 
of  the  skin  (Figs.  232,  233,  237,  and  242);  15  per  cent.,  herpes  of 
the  eyelids — a  total  average  of  experimental  herpes  in  75  per  cent. 
The  lesions  varied  from  those  very  small — just  recognizable — to 
others  very  large  and  marked  (Dog  225) . 


LOCALIZATION  OF  STREPTOCOCCI  FROM  HERPES  ZOSTER 
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In  some  instances  the  tendency  of  the  strains  from  the  apparent 
atria  of  infection  to  produce  herpes  was  so  marked  that  it  occurred 
in  nearly  all  animals  injected  intravenously,  and  in  some  it  de- 
veloped even  after  intraperitoneal  injection.  Thus  in  one  patient 
(Case  276)  the  original  cultures  in  ascites-dextrose-broth  from 
spinal  fluid  produced  herpes  in  a  guinea-pig,  rabbit,  and  dog.  The 
pure  cultures  of  the  streptococcus  from  the  spinal  fluid  of  these 
animals  produced  herpes  in  two  rabbits  and  one  dog.  That  the 
herpes  is  due  to  the  streptococci  injected,  and  not  to  some  ultra- 
microscopic  organism,  is  indicated  by  the  fact  that  sterile  filtrate 
of  these  cultures  failed  to  produce  the  disease.  Moreover,  when 
the  characteristic  affinity  was  marked,  only  a  few  streptococci 
were  sufficient  to  produce  the  disease.  Thus  in  one  rabbit  herpes 
of  the  skin  with  lesions  and  streptococci  in  the  corresponding  spinal 
ganglion  (Rabbit  56)  followed  injection  of  what  was  thought  to  be 
a  sterile  filtrate,  but  which  later,  by  centrifuging  and  making  cul- 
tures fom  the  sediment,  was  proved  to  contain  a  few  living  strep- 
tococci (probably  not  more  than  10).  A  portion  of  the  filtrate  was 
again  filtered  and  injected.     It  was  now  proved  to  be  free  from 
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streptococci,  and,  accordingly,  it  failed  to  produce  herpes.  In- 
jection of  the  emulsion  in  NaCl  solution  of  the  extirpated  tonsil 
at  the  outset  of  an  attack  (Case  270;  Rabbit  37),  as  well  as  the 
original  cultures  in  broth,  containing  a  mixture  of  bacteria,  was 
followed  by  herpes  proved  to  be  due  to  streptococci. 


Fig.  247. — Herpers  of  the  tongue  and  of  the  mucous  membrane  about  the  teeth  and  lips  in  Rabbit  SS. 
twenty-four  hours  after  intravenous  injection  of  the  streptococcus  from  the  tonsil  in  a  ease  of  recurrinc 
herpes  («67)  (X2K). 

The  lesions  were  usually  unilateral,  especially  after  the  injec- 
tion of  small  doses,  although  after  the  injection  of  large  doses  bi- 
lateral herpes  occurred  quite  often.  In  some  instances  the  loca- 
tion of  the  heq^es  in  the  animals  corresponded  quite  closely  to  that 
in  the  patients  from  whom  the  cultures  were  obtained  (Case  281; 
Rabbits  62  and  56;  Case  368;  Dog  299). 

The  table  shows  further  that  after  the  streptococci  are  cul- 
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tivated  on  artificial  media  (seven  to  fourteen  days),  and  after 
animal  passage  (two  to  five),  they  lose  largely  the  power  to  pro- 
duce herpes;  it  occurs  in  only  7  and  28  per  cent,  of  the  animals  in- 
jected. Likewise,  the  cultures  made  from  the  presumable  infec- 
tion-atrium seven  to  ten  days  after  recovery  produced  herpes  in 
only  one  of  nine  rabbits  and  three  dogs  which  were  injected.  In 
the  patient  (Case  391),  however,  who  continued  to  have  severe 
pain  (f>ostherpetic  neuralgia)  four  weeks  after  the  lesions  of  the 


V'lg.  248. — Section  through  a  herpetic  area  of  the  lip  of  the  rabbit  shown  in  Fig.  247.    Note  the  hemor- 
rhage in  the  epidermis  (a)  and  deeper  layers  of  the  skin  (6),  and  the  thrombosed  blood-vessel  (c). 


skin  had  healed  still  harbored  streptococci,  which  produced  herpes 
in  most  of  the  animals  injected. 

The  posterior  roots  or  ganglia  corresponding  to  the  area  of 
herpes  of  the  skin  (Figs.  232,  233,  237,  and  242)  nearly  always 
showed  hemorrhages  and  edema.  Smaller  hemorrhages  were 
usually  found  about  the  neighboring  ganglia  in  those  animals  with 
severe  herpes,  but  in  which  the  corresponding  area  of  the  skin  was 
free  from  herpes.  The  hemorrhage  at  times  extended  for  a  short 
distance  along  the  sheath  of  the  spinal  nerve,  but  the  intercostal 
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nerves  and  the  cutaneous  branches  remote  from  the  lesions  in  the 
ganglia  and  skin  showed  no  gross  or  microscopic  changes.  The 
hemorrhages  about  the  ganglia  and  posterior  root  at  times  ex- 
tended into  the  loose  connective  tissue  of  the  external  and  posterior 
portion  of  the  dura,  presenting  the  picture  of  an  external  pachy- 
meningitis. Herpes  of  the  skin  of  the  ears  of  rabbits,  when 
present,  was  usually  bilateral,  and  was  nearly  always  accompanied 
by  herpes  of  the  tongue.  In  two  rabbits  with  marked  herpes  of 
the  external  ears  there  were  found  what  appeared  to  be  herpes  of 
the  drum  and  middle  ear,  and  infection  extending  from  the  Gas- 


Fig.  !240. — Diplococci  in  the  thrombosed  blood-vessel  shown  in  Fig.  248  (c)  (X  IMO). 

serian  ganglia  along  the  auricular  nerve.  Herpes  of  the  face,  eye- 
lids, and  tongue  was  usually  accompanied  by  hemorrhage  of  the 
Gasserian  ganglion. 

Herpes  of  the  viscera  occurred  chiefly  after  injection  of  large 
doses  in  animals,  showing  marked  bilateral  herpes  of  the  skin. 
In  some  instances,  however,  it  occurred  without  herpes  elsewhere 
(Case  276  and  Dog  222).  Herpes  has  been  observed  in  the  lung 
and  pleura  (Fig.  254),  peritoneum,  gall-bladder,  mucous  membrane 
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of  the  stomach  and  duodenum,  of  the  kidney  (Fig.  251)  and  vis- 
ceral pericardium.  Herpes  of  the  viscera  was  always  accompanied 
by  hemorrhage  and  edema  about  the  ganglia  of  the  vagus  or  sym- 
pathetic nerve,  or  both.  Lesions  in  the  vagus  and  sympathetic 
ganglia  were  not  found  where  visceral  herpes  was  absent. 


Fij;.  250. — Hemorrhage  (a)  and  round-cell  infiltration  (6)  of  the  Gasserian  ganglion  in  Do;;  299. 
forty-eight  hours  after  an  intravenous  injection  of  the  streptococcus  from  the  tonsil  in  a  case  of  lobar 
pneumonia  with  marked  herpes  of  the  lip  and  cheek  (368)  (X60). 


Cultures  made  in  animals  after  injection  showed  that  the  strep- 
tococci tended  to  disappear  from  the  blood.  Sixty  per  cent,  of  the 
animals  survived  the  injection.  This  aflForded  opportunity  to  study 
the  r6le  played  by  the  bacteria  in  the  production  of  the  disease. 
Routine  cultures  were  made  of  the  spinal  fluid,  the  hemorrhagic 
area    about    the    ganglia,    the    blood,    blister-fluid,    and    joint- 
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fluid.  The  spinal  fluid  showed  quite  a  characteristic  turbidity, 
which  was  due  chiefly  to  mononuclear  cells.  The  cultures  of 
the  spinal  fluid  and  hemorrhagic  ganglia  nearly  always  showed  a 
larger  or  smaller  number  of  colonies  of  the  characteristic  strep- 
tococcus, even  when  the  blood  and  other  cultures  were  sterile.  In 
fact,  this  was  common  after  injections  of  the  primary  cultures 
from  the  focus  containing,  in  addition  to  streptococci,  staphy- 


Fig.  ?51. — Herpes  of  the  kidney  of  Rabbit  Qi,  forty-eight  hours  after  an  intravenous  injection  of  the 
streptococcus  from  the  tonsil  in  Case  ^81.     Note  the  numerous  vesicles  umler  the  capsule  ( X'2 ' 4 ). 

lococci.  The  streptococci  from  the  spinal  fluid  in  these  animals 
showed  a  marked  tendency  to  produce  herpes  when  injected  the 
second  time,  but  subsequent  injections  rarely  produced  herpes. 
Cultures  from  the  herpetiform  lesions  in  the  skin,  which  showed  no 
hemorrhage,  and  in  animals  that  survived  the  injection,  were 
usually  sterile;  while  those  from  the  marked  lesions  with  hemor- 
rhage, and  at  times  necrosis  and  beginning  gangrene  (Dog  ^i'io). 
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showed  the  organism  injected  together  with  staphylococci  and 
bacilli.  Localized  meningitis  has  been  observed  once.  The  oc- 
currence of  lesions  in  the  other  organs  corresponds  quite  closely 
to  the  average  incidence  of  lesions  in  these  organs  following  the 
injection  of  streptococci  from  a  wide  range  of  sources.*^ 

Microscopic  Anatomy  of  the  Lesions 
Microscopic  examination  of  the  milder  herpetic  areas  in  the 
skin  showed  separation  of  the  cells,  desquamation,  and,  usually. 


Fig.  95i. — Section  of  the  kidney  shown  in  ¥\g.  951.     Note  the  edematou!)  areas  (a),  the  compression 
of  the  glomeruli  (6),  and  the  swollen  epithelium  in  the  tubules  with  poorly  staining  nuclei  (c). 


slight  round-cell  infiltration.  Bacteria  were  not  found  in  these. 
The  marked  lesions  (Fig.  243)  showed  desquamation  of  the  epi- 
thelium of  the  epidermis,  hemorrhage,  marked  leukocytic  infiltra- 
tion, and  at  times  thrombosed  blood-vessels  (Fig.  *248,  c).  In  these 
staphylococci,  streptococci,  and  bacilli  were  found.  The  sections 
in  herpes  of  the  tongue  and  lip  showed  sloughing  of  the  mucous 
membrane,  partial  or  complete  thrombosis  of  blood-vessels, 
marked  hemorrhage  of  the  muscular  layer,  and  leukocytic  infiltra- 
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tion  (Fig.  248).  The  blistered  epitheliuDi  of  the  tongue  sloughed 
promptly;  the  ulcerated  base  showed  a  large  number  of  strepto- 
cocci .in  all  the  sections  examined  (Figs.  245  and  246).  The 
lesions  in  the  ganglia  and  adjacent  nerve-trunks  consisted  usually 
of  small  areas  of  hemorrhage  and  round-cell  infiltration  immediately 
surrounding  the  capsule  of  the  ganglia  or  the  associated  nerve- 
sheath,  and  around  the  accompanying  blood-vessels  (Figs.  234, 
236,  238,  239;  240,  250,  and  256).  The  blood-vessels  of  the  ganglia 
and  posterior  root  usually  showed  partial  or  complete  thrombosis 
(Figs.  234,  238,  and  239),  the  thrombi  consisting  of  polymorph©- 
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Fiff.  25S. — Diplococci  in  the  hemorrhagic  vagtu  ganglion  of  Rabbit  62,  showing  herpes  of  kidney 
shown  in  Fig.  251  (X  1200). 


nuclear  leukocytes  and  large  mononuclear  cells  and  fibrin  (Fig. 
239). 

Serial  sections  in  one  instance  showed  that  the  thrombus  in  the 
artery  to  the  ganglion  extended  for  a  considerable  distance  along 
the  posterior  root  and  under  the  dura.  Diplococci,  often  in  large 
numbers,  have  been  found  in  the  hemorrhagic  and  infiltrated  areas 
of  the  spinal,  vagus,  and  sympathetic  ganglia,  but  not  in  the  por- 
tions free  from  changes  nor  in  the  normal  ganglia  (Figs.  236,  241, 
and  253) .  The  bacteria  have  been  found  in  the  thrombosed  blood- 
vessels accompanying  the  lesions  of  the  ganglia  and  posterior  horns. 
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and  in  the  peripheral  lesions  in  the  herpes  of  the  lip  and  tongue 
(Figs.  235  and  249).  It  must  not  be  supposed  that  the  finding  of 
diplocoeei  in  the  hemorrhagic  infiltrated  areas  about  the  ganglia 
was  a  part  of  the  general  invasion,  because  they  were  absent  in 
the  portions  of  sections  showing  no  change,  and  present  in  many 
instances  in  the  lesions  in  animals  seemingly  well  and  in  which  the 
blood  was  sterile.  Longitudinal  sections  of  the  vagus,  sympathetic, 
intercostal,  and  cutaneous  nerves,  and  of  the  accompanying  sheaths 
remote  from  the  lesions  in  the  ganglia  or  skin  showed  no  changes 


streptococcus  from  the  tonsil  of  Case  276  ( X  1  J^)« 


Fig.  254. — ^Herpes  (a)  of  the  lung  in  Dog  222,  forty-eight  hours  after  an  intravenous  injection  of  the 
cus  m>       *  ••    •  " 


nor  bacteria.    Sections  of  the  spinal  cord  in  a  few  instances  showed 
hemorrhage  and  round-cell  infiltration  in  the  posterior  columns. 

Summary  and  General  Discussion 
The  streptococcus  found  by  us,  which  has  such  marked  affinity 
for  the  posterior  root  ganglia,  resembles  morphologically  the  dip- 
locoeei found  in  the  Gasserian  ganglia  by  Sunde.  The  cells 
found  in  the  spinal  fluid  in  the  animals  injected  are  similar  to  the 
cells  in  the  spinal  fluid  in  herpes  in  man  (Schottmiiller^*).  The 
common  occurrence  in  the  spinal  fluid  of  the  streptococci  in  pure 
culture  having  affinity  for  the  ganglia  even  when  mixed  cultures 
•15—52 
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were  injected  is  in  accord  with  the  finding  of  the  streptococcus  in 
the  spinal  fluid  in  one  of  our  cases,  and  in  those  of  Achard  and 
I^eper,  Widal  and  Brissaud-Siccard  (cited  by  Oppenheim). 

The  occurrence  of  relatively  slight  lesions  in  ganglia  without 
peripheral  herpes  adjoining  those  showing  marked  lesions,  accom- 
panied by  herpes;  the  finding  in  the  atrium  of  infection  of  bacteria 
having  affinity  for  the  posterior  roots  and  ganglia  in  the  patient  who 
continued  to  have  pain  after  the  lesion  of  the  skin  had  healed,  and 


Fig.  iS5. — Section  of  the  lung  through  the  herpetic  area  shown  in  F'ig.  "254.     Note  the  edematous  fluid 
(a)  and  the  hemorrhage  (6)  in  tne  alveoli,  and  the  absence  of  the  pleura. 


not  in  those  free  from  pain,  suggests  strongly  that  the  pain  in  post- 
herpetic neuralgia  and  allied  conditions  is  due  to  active  but  slight 
infection  of  the  ganglia  or  posterior  roots.  That  these  pains  are 
not  always  due  to  scar  tissue  is  certain  because  Head  and  Camp- 
bell have  found  that  ganglia  corresponding  to  the  area  of  herpes 
zoster  may  be  largely  replaced  by  connective  tissue,  without  the 
patients  suffering  pain.  The  occurrence  of  herpes  zoster  in  pa- 
tients who  have  ulcer  of  the  stomach  (Case  281)  or  empyema  is 
probably  not  a  reflex  arc  effect  or  infection  of  the  ganglia  by  way 
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of  the  nerve  lymphatics,  as  believed  by  Orr  and  Rowe,^^  but  is 
due  to  a  hematogenous  infection  from  a  focus  harboring  strepto- 
cocci that  hav^e  an  elective  affinity  for  the  structures  involved. 
The  occurrence  of  ulcer  of  the  stomach  in  8  per  cent,  of  the  animals 
proved  to  be  due  to  local  streptococcal  infection  in  the  mucous 


Vig.  €56. — HemorrhHfte  (n)  and  leukocytic  infiltration  (h)  in  the  sheath  of  the  va<?ijs  just  beyond  the 
nferior  va^us  ^an(;iion  in  Doi?  itS  showinc  viseeral  herpes  seventy-two  hours  after  an  intravenous 
injection  of  the  streptococcus  from  the  tonsil  in  Case  ilS  (  XI 10). 


membrane  following  injection  of  these  strains  is  in  line  with  this 
idea. 

The  fact  that  visceral  herpes  with  accompanying  lesions  of  the 
vagus  and  sympathetic  ganglia  has  been  produced  experimentally 
supports  the  view  held  by  clinical  observers  that  visceral  herpes 
occurs  in  man,  and  since  it  occurred  chiefly  in  animals  with  severe, 
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usually  fatal,  bilateral  herpes,  it  affords  experimental  evidence  in 
favor  of  the  general  impression  that  bilateral  herpes  is  apt  to  end 
fatally. 

The  absence  of  streptococci  in  the  clear  blister-fluid,  both  in 
man  and  in  animals,  when  the  organisms  present  in  the  ganglia,  and 
the  presence  of  pain  before  jjeripheral  lesions  can  be  made  out, 
suggest  that  the  lesions  in  the  ganglia  are  primary,  and  that  the 
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Fijf.  ^37.— PhotomicTOfcrmph  of  a  twenty -four-lKMir  culture  in  ascite^-iintrwr  Kfr>fh  .rf  «  s«r*tJ<o~ 
coccus  i»t>Ut««l  from  tkc  »p«iml  fltud  io  a  mbbit  showinir  bcrpes  after  tntraTraotts  iB>«n.-tiua  if  •  «ir««t 
Um.\mvu2»  cuUure  from  tke  tooail  in  a  case  of  herpes  so»ter  ib  man  ^f&X  >.  Tbe  morpltoiuM^'  -s  -sarainjr*^ 
isttk'  of  other  strains  »i  weU.    Uram  stain  ^  XliOO). 

peripheral  manifestations — herpes  of  the  skin,  the  tonjnie.  the 
lip,  and  the  viscera — are  secondary-  trophic  effectsw  Tbe  ♦^•'.♦ir- 
fence  of  herpes  in  cases  of  pressure-paralysis  of  the  spm^  .--^ri 
would  seem  to  be  in  accord  with  this  idea.  But  the  findinj:  »>f  tlie 
streptociKVUS  in  the  turbid,  bloody-  blister-fluid  in  one  caise  '^c  tir 
series  in  man,  and  in  the  se\"erer  peripheral  lei^oos  skin.  nmi^»u> 
membrane,  tongue,  and  >Tscera)  in  e3cperimental  disease,  the  ••^•oi- 
mon  occurrence  of  thrombosed  blood-x-esseb,  containiitr    v,v%*^ 
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cocci  in  both  the  peripheral  and  central  lesions,  and  the  absence 
of  bacteria  and  demonstrable  changes  in  the  intervening  nerve- 
trunks,  suggest  strongly  that  while  the  primary  milder  lesions  are 
trophic,  making  a  **  locus  minoris  resistenticB,^^  the  severer  lesions, 
presenting,  as  they  do,  all  the  features  of  an  infectious  process, 
are  the  result  of  a  superimposed  hematogenous  infection. 

It  is  a  noteworthy  fact  that  of  the  large  number  of  animals  in- 
jected with  cultures  from  a  variety  of  diseases^  other  than  herpes 
in  which  lesions  resembling  those  in  man  have  been  produced,  none 
has  exhibited  typical  herpes. 

Since  the  streptococci  lose  the  characteristic  aflSnity  after  cul- 
tivation on  artificial  media,  after  animal  passage,  and  apparently 
in  the  focus  of  infection  after  recovery,  the  conclusion  seems  war- 
ranted that  the  atrium  of  infection  is  not  only  the  place  of  entrance, 
but  the  place  where  the  streptococci,  by  growth  in  symbiosis  with 
other  bacteria,  and  under  varying  grades  of  oxygen-pressure,  may 
acquire  the  peculiar  properties  necessary  to  infect  in  this  particular 
manner. 

It  would  appear  then  that  herpes  zoster  is  due  to  a  streptococ- 
cus having  elective  aflSnity  for  the  ganglia  and  the  posterior  roots. 
The  possibility,  however,  that  the  disease  in  some  instances  may 
be  due  to  other  bacteria  having  a  similar  aflSnity  must  be  admitted. 
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VISCERAL  CRISES  IN  ANGIONEUROTIC 
EDEMA  * 

EGERTON    L.    CRISPIN 


A  large  number  of  the  patients  suffering  from  visceral  crises, 
particularly  of  the  erythemic,  purpuric,  angioneurotic  group,  are 
advised  to  have  surgical  operations,  and  many  of  them  sooner  or 
later  submit  to  abdominal  surgery,  from  which  they  do  not  obtain 
desired  relief.  I  wish  particularly  to  call  attention  to  this  group 
of  cases  and  to  discuss  the  diagnostic  importance  of  visceral  crises 
more  from  the  standpoint  of  value  in  negativing  or  avoiding  surgery 
which  does  not  give  relief  than  from  the  standpoint  of  too  closely 
differentiating  interrelated  medical  conditions.  I  shall  only  men- 
tion visceral  crises  of  syphilitic  origin,  for  which  surgery  is  occasion- 
ally done,  and  the  abdominal  pains  of  nephritis,  particularly  of  the 
hemorrhagic  type,  to  which  Osier  has  called  attention.  Surgery 
is  advised  in  these  conditions  only  when  examination  has  been  in- 
complete. 

The  more  or  less  widely  varied  manifestations  of  these  affec- 
tions with  which  are  associated  visceral  pains  have  never  been 
sharply  differentiated,  and  are  probably  all  members  of  the  same 
group.  It  is  probable  that  most  of  the  allied  conditions,  as  the 
urticarias,  erythemas,  and  purpuras,  have  as  an  underlying  condi- 
tion an  angioneurosis.  Some  of  them  may  be  caused  by  chemical 
irritation;  others  may  be  toxic  in  origin;  and  yet  others  may  have 
resulted  because  of  the  nature  of  the  individual  and  from  faulty 
metabolism.  It  is  probable  too  that  anaphylaxis  may  be  a  basic 
cause  of  many  of  these  angioneurotic  conditions.     In  each  of  this 

*  Read  before  the  Southern  Minnesota  Medical  Association,  at  Mankato, 
Minn.,  December  I,  1915.  Reprinted  from  the  St.  Paul  Med.  Jour.,  1916,  xviii, 
147-133. 
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entire  group,  localized  vascular  dilatation  occurs  and  is  associated 
with  a  serous  or  hemorrhagic  exudation.  Caspary^  says  the  ery- 
themas as  well  as  the  urticarias  may  result  from  the  action  of  differ- 
ent toxins  on  the  nerve-centers.  Osier  ^  suggested  that  the  entire 
group  of  angioneuroses  may  depend  on  some  poison  which,  in 
varying  doses  in  diflferent  constitutions,  excites  in  one  urticaria,  in 
another  a  peliosis  rheumatica,  and  in  a  third  a  fatal  form  of  pur- 
pura. 

One  of  the  conditions  forming  this  group,  a  purpura  with  a 
more  definite  syndrome  than  many  of  the  others,  was  de- 
scribed [by  Henoch.^  This  condition  is  characterized  by  re- 
current attacks  of  purpura  and  crises  of  abdominal  pain,  often 
accompanied  by  diarrhea  and  vomiting.  Arthritis  is  present  in 
the  typical  form  of  the  disease.  This  type  occurs  most  often  in 
the  young.  Abdominal  manifestations  similar  to  those  in  Henoch's 
purpura,  as  Osier  has  shown,  occur  in  erythema  and  urticaria. 
He  also  calls  attention  to  the  variability  of  the  lesions  of  the  skin 
and  rep>orts  cases  in  which  some  of  the  attacks  of  agonizing  colic 
have  occurred  with  no  cutaneous  manifestations. 

Some  of  the  French  writers  have  grouped  both  the  purpuras 
and  the  urticarias  under  the  erythemas.  Wagner*  would  have  the 
exudative  erythemas  to  include  three  forms  at  least:  Erythema 
nodosum,  erythema  multiforme  exudativum,  and  urticaria.  Osier 
regards  purpura  rheumatica  as  the  hemorrhagic  type  of  an  exuda- 
tive erythema,  and  considers  Henoch's  purpura  in  the  same  group. 
In  recording  the  variability  of  the  lesions  of  the  skin  in  these  condi- 
tions, he  shows  that  it  is  possible  to  diagnose  at  different  times  in 
the  same  patient  simple  purpura,  simple  urticaria,  exudative  ery- 
thema, arthritic  purpura,  and  angioneurotic  edema.  Jacobi  ^  has 
shown  the  close  aflSnity  that  exists  between  exudative  erj'thema, 
Henoch's  purpura,  and  angioneurotic  edema.  Advances  in  experi- 
mental medicine  will  in  time  separate  such  clinical  grouping  as 
Wagner  has  made.  Within  the  past  year  Rosenow  •  has  experi- 
mentally produced  erythema  nodosum,  and  from  his  studies  re- 
corded a  streptococcus  as  the  etiologic  agent  in  his  experimental 
series. 
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General  attention  was  called  to  angioneurotic  edema  by 
Quincke's'  description  in  1882.  Since  then  a  number  of  cases  have 
been  reported  of  the  exudative  erythemic  state  which  indicates 
that  the  condition  is  fairly  common.  Graves^  described  the  con- 
dition in  1848,  and  Milton,*  in  1876,  reported  cases  under  the  name 
of  giant  urticaria.  Quincke's  name  for  the  condition  is  most  gen- 
erally used  in  this  country  and  in  England,  though  the  literature 
abounds  with  synonyms.  Most  of  the  cases  not  showing  purpura 
or  joint  affections  are  grouped  under  this  head,  though,  as  has  fre- 
quently been  noted,  different  attacks  in  the  same  patient  may  pre- 
sent a  wide  range  of  skin  manifestations.  Osier  has  called  these 
varied  skin  manifestations  angioneurotic  dermatoses,  noting  that 
they  are  characterized  by  a  marked  disturbance  of  vascular  tonus 
in  addition  to  a  more  or  less  inflammatory  condition  of  the  skin, 
due  to  its  abnormal  tendency  to  react  to  slight  and  varied  irritants, 
with  resultant  dilatation  of  the  vessels  and  exudation.  This  sensi- 
tiveness of  the  skin  and  the  abnormal  reaction,  the  result  of  a 
general  neurotic  disturbance,  must  be  distinguished  from  the  ac- 
tion of  inflammatory  irritants. 

All  members  of  the  erythema  group  may  have  visceral  manifes- 
tations, or  there  may  be  visceral  manifestations  in  the  nature  of 
crises  associated  with  any  or  none  of  these  varied  angioneurotic 
external  conditions.  These  visceral  or  gastro-intestinal  crises  may 
be' so  severe  at  first  sight  as  to  cause  concern,  and  they  may  be  with- 
out external  clues  in  the  nature  of  lesions  of  the  skin.  If  the  his- 
tory is  not  carefully  taken,  the  hurriedly  called  physician  may 
easily  be  misled  into  thinking  that  the  trouble  must  be  due  to  the 
gall-bladder  or  appendix,  or  at  least  something  that  should  be  taken 
out.  Because  of  the  variability  of  the  skin  conditions  or  of  their 
absence  in  some  of  the  attacks,  often  patients  do  not  associate  the 
conditions  and,  unless  they  are  carefully  questioned,  clues  may  not 
be  obtained.  Under  visceral  lesions  of  the  erythema  group  Osier  ^" 
has  rep)orted  29  cases  of  these  interesting  conditions. 

Of  greatest  diagnostic  importance  in  these  cases  is  the  indefi- 
niteness  of  the  nature  of  the  abdominal  pain.  The  point  most 
impressive  in  taking  a  history  is  that  these  pains,  apparently 
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of  great  severity,  do  not  conform  to  the  types  usually  observ'-ed 
and  known  to  be  of  a  surgical  nature.  In  children,  particular 
care  should  be  taken  to  get  a  full  history,  which  may  bring  out 
the  occurrence  of  previous  attacks  of  lesions  of  the  skin,  inflam- 
mation of  the  joints,  abdominal  colic,  or  crises.  In  adults  one  is 
often  struck  with  what  is  called  a  neurotic  tendency  of  the  patient. 
In  questioning  the  patients  who  present  themselves  for  examination 
and  diagnosis  between  attacks,  a  wide  oscillation  will  often  be 
noted  in  their  story  and  too  strong  a  reaction  to  external  stimuli. 
The  crises  of  which  they  complain  are  described  as  being  severe 
abdominal  pain.  One  patient  described  her  pain  as  "intense  suf- 
fering"; another  said  that  she  had  doubled  up  with  the  pain  and 
rolled  about  on  the  floor.  The  abdominal  pains  come  without  food 
time  relation,  usually  at  any  time.  The  nocturnal  exacerbations 
are  frequent.  In  one  instance  I  observed  a  suggestion  of  regularity 
in  the  return  of  pain  about  the  same  time  each  night.  There  may 
be  diarrhea,  vomiting  of  blood,  or  there  may  be  slight  melena.  The 
location  of  pain  is  usually  midabdominal,  or  it  may  be  general  and 
described  as  "all  over  the  abdomen."  The  usual  radiations  of 
lesions  causing  surgical  conditions,  however,  are  not  found.  Attacks 
in  various  individuals  are  usually  of  about  the  same  duration — 
from  six  to  eight  hours.  They  vary  in  intensity  from  mild  aching 
to  such  severity  that  it  may  be  necessary  to  give  morphin. 

In  cases  in  which  attacks  of  pain  are  of  a  few  hours'  duration 
differentiation  from  disease  of  the  gall-bladder,  in  which  there  is 
high  epigastric  location  of  pain,  and  the  sudden  onset  and  cessa- 
tion of  pain  in  some  of  the  attacks,  are  diagnostic;  in  renal  colic  the 
radiation,  locaUzation,  urinary  findings,  cystoscopic  and  roent- 
genologic findings  may  be  used  to  clear  up  differential  conditions. 
In  obstructions  of  the  intestine,  the  prolonged  condition  in  single 
or  few  attacks  and  the  causes  for  obstruction  with  the  general  symp- 
toms should  prevent  confusion.  It  should  be  borne  in  mind  that 
visceral  crises  of  the  types  under  discussion  are  caused  by  the 
results  of  vasomotor  changes  and  that,  with  the  onset,  suflScient 
time  must  elapse  for  exudation  to  reach  the  painful  stage  and  like- 
wise for  its  disappearance.     There  is  more  constancy  in  time  of 
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onset,  duration  of  pain,  and  in  the  way  paSn  disappears,  in  differ- 
ent attacks  than  in  the  various  surgical  conditions  with  which  these 
crises  may  be  confused.  Disease  of  the  gall-bladder  probably  i^ 
most  often  confused  with  the  attack  of  a  few  hours'  duration, 
though  peptic  ulcer  is  sometimes  confused  with  it,  particularly 
when  vasomotor  conditions  have  occurred  in  the  stomach  and 
permitted  sanguineous  seepage.  It  is  then  the  cases  of  few  hours' 
duration  that  must  be  differentiated  from  upper  abdominal  surgical 
conditions. 

There  is  another  type  probably  resulting  from  the  same  primary 
cause  that  is  occasionally  mistaken  for  appendicitis  or  appendiceal 
abscess  in  which  the  onset  and  disappearance  of  pain  are  more 
gradual.  A  swelling  often  appears  in  the  lower  right  abdomen, 
which  suggests  appendiceal  abscess.  There  may  be  increased  tem- 
perature; the  symptoms,  usually  of  comparatively  short  duration, 
are  out  of  proportion  to  the  patient's  general  condition,  which  is 
fairly  good.  In  operating  on  these  patients  a  brawny  induration, 
often  of  the  whole  cecum  and  appendix,  thick  walled  and  somewhat 
hard,  is  found.  Occasionally  the  big  gut  above  the  cecum  is  in- 
volved for  several  inches.  The  appendix  does  not  show  suflScient 
changes  to  be  the  primary  cause  of  the  condition.  One  of  the 
most  striking  features  is  the  rapidity  with  which  the  patients  re- 
cover. A  day  or  so  after  operation  they  are  well  except  for  such 
discomfort  as  may  be  present  from  the  abdominal  incision.  Further 
inquiry  into  the  history  may  disclose  the  presence  of  swellings  in  the 
skin  at  various  times.  In  the  exudative  types  of  longer  dura- 
tion more  of  the  cecum  seems  to  be  involved  than  other  parts  of  the 
viscera,  partly  because  the  frequency  of  appendicitis  and  the 
presence  of  tumefaction  permit  more  frequent  exploration. 

Often  attacks  of  abdominal  pain  occur  which  last  for  some  time 
with  no  other  suggestive  diagnostic  clues;  but  in  some  of  these 
cases  inquiry  brings  out  a  history  of  hives,  swellings  (hard,  white, 
burning)  in  the  skin,  purpura,  puflSng  of  face,  eyelids,  cheeks,  cold 
hands  and  feet,  etc. ;  also  swelling  in  the  throat  causing  dyspnea  and 
danger  of  suffocation.  Attacks  of  transient  bronchorrhea  occurred 
in  one  of  the  cases  observed.     This  bronchorrhea  should  always  be 
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looked  for.  That  there  is  swelling  in  the  viscera  analogous  to  that 
in  the  skin  has  been  quite  definitely  proved.  It  is  beUeved  that  the 
^udation  of  serum  and  distention  of  the  visceral  coats  produce  pain 
and,  when  suflScient  to  cause  pseudo-obstruction  in  the  intestines, 
the  pain  is  peristaltic.  When  there  is  great  distention  of  the  visceral 
wall,  there  may  be  severe  pain  and  considerable  exudation  of  blood 
into  the  stomach,  which  may  be  vomited.  In  these  cases  a  diagno- 
sis of  ulcer  is  sometimes  made.  Morris,"  when  giving  a  lavage  at 
the  beginning  of  an  attack,  brought  out  a  piece  of  gastric  mucosa 
thickened  with  a  simple,  non-infiammatory  edema.  Harrington," 
when  operating  during  an  attack  of  colic,  found  an  urticarial  swell- 
ing of  the  gastro-intestinal  wall.  Leimander^*  says  that  either 
serous  or  hemorrhagic  infiltration  of  the  wall  of  the  stomach  or 
intestine,  if  sufficient  to  produce  stretching  of  the  parietal  (mes- 
enteric) attachment,  will  produce  colic.  Osier  ^*  cites  three  cases 
in  which  laparotomy  was  done  without  definite  findings.  He 
quotes  cases  of  Sutherland  and  Burrows  confirming  the  view  that 
colic  may  be  due  to  infiltration  of  the  intestinal  wall  with  blood  and 
serum.  Some  of  the  indurative,  edematous  conditions  occasion- 
ally found  at  the  operating  table  in  which  histories  have  not  been 
definite  undoubtedly  are  of  this  type,  and  surgery  is  of  doubtful 
benefit.  Riggs^*  cites  four  cases  of  thickening  of  the  ileum  and 
cecum  that  he  regards  as  visceral  manifestations  of  the  condition, 
having  for  its  outward  signs  erythema,  angioneurotic  edema, 
etc.  Three  cases  of  induration  of  the  cecum  and  adjacent  gut  have 
been  observed  in  the  operating  room  by  W.  J.  Mayo."  Before 
operation,  because  of  the  tumefaction,  these  cases  had  suggested 
appendiceal  abscess.  The  induration  was  found  in  the  cecum  and 
in  the  appendix  without  sufficient  cause.  These  patients  got  well 
with  striking  rapidity.  A  history  of  swelling  of  the  skin  was 
obtained  afterward. 

Patients  in  the  angioneurotic  group  with  visceral  crises  have 
repeated  attacks,  sometimes  for  years,  that  cause  great  discom- 
fort. No  deaths  have  been  reported  from  visceral  causes  in  this 
condition,  though  some  have  been  reported  from  edema  of  the  lar- 
ynx by  Morris  ^^  and  Griffith.^^    Often  patients  coming  under  ob- 
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servation  have  had  surgical  operations  and,  more  often,  have  had 
them  advised.  It  must  be  borne  in  mind  that  even  with  a  severe 
angioneurosis  there  may  also  be  true  pathologic  conditions  in  the 
abdomen  which  should  be  treated  surgically  and  which  opera- 
tion will  verify.  However,  in  the  group  of  visceral  crises  under 
discussion  there  seemed  to  be  no  permanent  visceral  lesion  for 
which  surgery  could  give  relief.  A  history  carefully  taken  and 
considered,  particular  inquiry  in  regard  to  lesions  of  the  skin  such 
as  have  been  mentioned,  inquiries  as  to  transient  bronchorrhea 
(Halstead^*  gives  extensive  literature  of  the  laryngeal  group), 
sources  of  exogenous  and  endogenous  poisons,  particularly  reflex 
sources  that  may  be  bases  for  anaphylaxis,  and  a  more  thorough 
physical  examination  will  often  help  clear  up  a  diagnosis  from  a 
surgical-medical  standpoint. 

In  cases  seen  for  the  first  time  in  which  there  is  large  tumefac- 
tion of  recent  duration  in  the  cecal  region,  severe  pain  without 
local  peritonitis,  and  with  the  patient  in  good  general  condition 
out  of  all  proportion  to  the  suspected  lesion,  a  history  of  swelling 
should  be  carefully  sought,  and,  if  found,  watchful  waiting  is  good 
surgery.  The  cases  cited  here  emphasize  the  necessity  for  care- 
ful differentiation  of  factors  that  may  be  brought  out  in  the  his- 
tory which  should  help  make  a  definite  diagnosis. 

Of  the  entire  group  of  exudative  erythemas,  50  were  diagnosed 
angioneurotic  edema.    Abstracts  of  illustrative  cases  are  appended. 

Case  137,701. — L.  M.  Unmarried  woman,  aged  sixty  years. 
Examined  August  14,  1915.  This  patient  complained  of  chronic 
constipation  and  hives.  The  constipation  had  existed  many 
years;  the  hives  began  eighteen  months  before,  and  had  ap- 
peared every  night  for  some  months.  She  had  swelling  over  her 
entire  body,  lasting  five  or  six  hours,  then  gradually  fading  away. 
At  times  her  head  and  face  swelled  so  she  could  hardly  see;  her 
lips  were  swollen  and  protruded.  The  swelling  was  sometimes 
accompanied  by  hives,  which  were  raised  red  blotches  sometimes 
covering  the  entire  body.  The  itching  was  almost  unbearable. 
She  complained  of  "intense  suffering  in  abdomen";  no  localiza- 
tion, but  all  through  the  abdomen,  which  lasted  a  few  hours  and 
then  subsided.     She  had  been  told  that  she  had  appendicitis  or 
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peritonitis,  and  that  the  large  bowel  was  contracted  to  the  size 
of  a  lead-pencil.  She  was  neurotic;  her  brother  said  they  never 
crossed  her  because  of  her  nerves.  She  was  well  nourished,  had 
gained  weight  the  last  year. 

Physical  Examination. — Gastric  analysis  practically  normal. 
Roentgen  examination  of  the  bowels  showed  no  abnormality  other 
than  incompetent  ileocecal  valve.  At  one  observation  there  was  a 
raised  red,  circumscribed  area,  irregular  in  outline  and  the  size  of 
a  half-dollar,  in  the  posterior  left  lumbar  region.  This  was  a 
type  of  the  hives  that  came  out  profusely  each  night.  The  ad- 
junctive special  examinations  gave  no  added  information  as  to  the 
cause  for  her  condition.  A  diagnosis  of  angioneurotic  edema  with 
visceral  manifestations  and  colonic  urticaria  was  recorded. 

Case  133,719.— T.  M.  S.  Married  woman,  aged  thirty- 
seven  years.  Examined  June  21,  1915.  This  patient  complained 
of  recurrent  cramps  in  the  upper  abdomen  with  loss  of  strength. 
For  many  years  she  had  been  easily  exhausted.  For  the  last  four 
years  she  had  had  frequent  cramps  in  the  abdomen  lasting  from 
one  to  four  hours.  The  attacks  were  of  gradual  onset,  came  ir- 
regularly, and  could  not  be  relieved.  After  the  pain  was  over 
there  was  soreness;  no  relation  to  food;  no  radiation.  She  would 
He  on  the  floor  and  double  up  when  the  cramps  came  on.  With 
the  severe  pain  in  the  abdomen  she  was  sometimes  nauseated,  but 
never  vomited.  For  four  years  there  had  been  swelling  coming  at 
any  time  over  body,  face,  and  extremities,  sometimes  about  joints. 
Her  face  had  been  so  swollen  as  to  have  been  hardly  recognizable. 
The  swelling  sometimes  lasted  from  one  to  three  days;  itched  and 
stung;  it  was  often  circumscribed.  The  patient  was  very  sj'mpa- 
thetic,  did  everj'thing  with  great  zeal,  feeling  joy,  sorrow,  etc., 
with  intensity.  She  did  not  associate  the  lesion  of  the  skin  with  the 
abdominal  condition  and  it  was  brought  out  only  by  questioning. 

Physical  Examination. — The  right  side  of  the  patient's  face 
was  greatly  swollen;  this  was  painless,  though  it  felt  stiff  to  the 
patient.  Examination  of  intestinal  tract  clinically  and  with  the 
roentgen  ray  did  not  reveal  anything  of  value.  Many  adjunctive 
examinations  made  for  record  and  completeness  gave  no  further 
information.  A  diagnosis  of  angioneurotic  edema  with  visceral 
crises  was  made.  The  patient  came  to  the  clinic  expecting  to  have 
an  operation  on  the  gall-bladder. 

Case  101,588.— W.  H.  S.  Man,  aged  forty  years.  Paper- 
hanger.     Examination  March  4,   1914.     This  patient  had  been 
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urged  a  number  of  times  to  have  operations  for  gastric  ulcer.  He 
had  had  gastric  trouble  off  and  on  for  twenty-three  years.  When 
seventeen,  he  had  had  cramps  so  severe  as  to  double  him  up.  He 
used  to  tie  a  towel  tight  around  his  waist  and  a  number  of  times 
was  rolled  over  a  barrel  to  relieve  the  cramping  pains.  These 
attacks  came  frequently  for  a  few  weeks,  then  disappeared  for 
weeks  or  months.  Only  occasional  trouble  between  the  ages  of 
twenty  and  thirty.  When  about  thirty-one  he  had  an  attack  and 
vomited  a  large  handful  of  clots  of  blood.  Sometimes  the  pain 
came  while  eating,  at  other  times  when  he  was  hungry;  apparently 
no  clear-cut  food  relation.  Nothing  relieved  the  pain.  Small 
clots  were  vomited  again  about  two  years  later.  For  three  years 
prior  to  examination  there  had  been  a  series  of  attacks — about  one 
a  year.  Present  attack  had  lasted  about  three  weeks.  No 
regularity;  stomach  better  midway  between  meals.  For  three 
months  he  had  noticed  great  blotchy  swellings  come  out  on  his 
skin.  Swellings  usually  came  about  eight  in  the  evening  and 
lasted  until  about  one  in  the  morning.  Skin  became  thick  and 
hard,  and  stung.  At  times  the  skin  at  the  joints  was  so  thickened 
that  the  normal  use  of  the  joint  was  impossible.  Slight  swelling 
on  the  face,  but  swellings  on  the  back  and  thigh  areas  as  large  and 
thick  as  a  man's  hand  appeared  in  a  few  minutes  and  were  gone 
the  next  day,  leaving  only  a  little  tenderness  in  the  skin.  He  gave 
a  history  of  profuse  expectoration  at  times,  spitting  a  quart  or 
more  in  an  hour  or  two  and  coughing  up  large  quantities  of  watery 
mucus  so  that  it  would  run  out  of  his  mouth.  While  under  obser- 
vation the  patient  lost  eight  pounds  within  four  days.  He  had 
no  pain  during  this  time,  but  disturbances  of  the  skin  were  marked 
each  night.  He  said  he  sometimes  lost  40  pounds  in  two  months 
while  having  this  trouble,  but  soon  gained  it  back.  Appetite  good 
while  losing  weight. 

Physical  Examination, — Roentgenograms  showed  considerable 
fibrosis  of  the  lungs  and  a  lesion  of  the  stomach  at  or  near  the 
pylorus.  After  this  examination  of  the  stomach  and  while  still 
in  the  dressing-room,  the  swellings  were  observed  coming  out. 
Within  ten  minutes  thick,  raised,  hardened  areas  the  size  of  half  a 
dollar  were  noted  on  the  thigh.  Further  examination  revealed 
areas  nearly  as  large  as  the  palm  of  the  hand  over  his  back. 
Though  the  angioneurotic  condition  was  recognized,  because  of 
the  history  of  hematemesis  and  roentgen  findings  exploration  was 
advised.  At  the  operation  nothing  was  found  in  the  stomach. 
The  gall-bladder  was  removed,  but,  when  opened,  revealed  doubt- 
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ful  pathology.  An  obKterated  appendix  was  also  removed.  One 
year  later  the  symptoms  were  the  same  as  before  operation  without 
noticeable  change  in  any  characteristics.  The  lesion  at  or  near  the 
pylorus  reported  by  the  roentgenologist  was  probably  a  visceral 
swelling.  Seventeen  months  later  the  patient's  physician  reported 
attacks  of  abdominal  pain  and  skin  manifestations,  the  same  as 
before.  The  last  attack  of  pain  was  of  the  usual  type,  being  in 
mid-epigastrium,  severe,  lasting  from  seven  in  the  evening  until 
half  past  one,  during  which  time  the  patient  was  given  one-half 
grain  of  morphin.  Swollen  areas  in  the  skin  were  large  and  nu- 
merous. It  is  interesting  to  note  that  a  little  alcohol  will  always 
precipitate  these  attacks  of  angioneurotic  edema  and  crises. 

Case  177,381. — ^A.  J.,  man,  aged  twenty-nine  years.  This 
patient  first  came  to  the  clinic  December  16,  1912.  Bronchitis 
and  asthma  were  diagnosed.  Nasal  polyps  were  removed  and  the 
antra  irrigated.  He  returned  February  17,  1913,  feeling  much 
better.  On  July  2,  1914,  he  again  returned,  complaining  of  at- 
tacks of  abdominal  pain  coming  on  soon  after  meals  and  causing 
much  discomfort.  Repeated  examinations  did  not  reveal  the 
nature  of  this  pain,  and  the  patient  was  referred  to  the  hospital, 
where  he  remained  forty  days.  Severe  pains  in  the  epigastrium 
at  10  p.  M.  lasted  three  hours  and  required  morphin.  During  this 
time  spells  of  angioneurotic  edema  were  recorded,  varied  in  dis- 
tribution, and  lasted  from  a  few  minutes  to  a  day.  Purpuric  hem- 
orrhages were  noted  a  number  of  times.  Coagulation  time  of  two 
minutes  was  recorded.  The  abdominal  pains  persisted  usually 
during  the  night.  No  relation  to  meals.  There  was  an  eosino- 
phiUa  for  which.no  cause  was  found.  Though  the  angioneurotic 
edema  and  purpura  had  caused  the  patient  to  be  under  observ^a- 
tion  for  weeks  and  the  nature  of  the  pains  was  believed  possibly  due 
to  the  same  cause,  yet  some  features  of  the  patient's  illness  made 
exploration  advisable,  and  August  26, 1914,  a  cholecystectomy  was 
done  for  enlarged  gall-bladder, "  showing  an  indefinite  cholecystitis." 
The  appendix,  which  was  ruptured  at  the  tip  and  sealed  by  the 
small  intestine,  was  removed.  The  pancreas  was  apparently 
normal.  Three  months  later  his  home  physician  stated  that  the 
symptoms  continued,  diflFering  in  no  way  from  those  before  opera- 
tion. 

Case  76,027. — ^W.  T.,  man,  aged  thirty-nine.  Examined 
November  13,  1912.  About  ten  days  before  admission  to  the 
clinic  the  patient  had  had  an  attack  of  general  cramping  abdom- 
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inal  pain.  Soreness  became  localized  in  the  right  lower  alxloraen. 
Three  years  before  he  had  had  a  similar  attack  accompanieil  by 
blue-black  spots  thought  to  be  acetanilid  poisoning.  In  Noveml>er, 
1914,  another  attack  of  pain  occurred  to  the  right  of  the  navel,  with 
severe  vomiting,  gas  distress,  and  marked  tenderness  in  right 
iliac  fossa.  Operation  November  14,  1915.  ()n  opening  the  ab- 
domen a  quantity  of  free  fluid  without  flakes  of  lymph  and  with- 
out odor  came  out.  The  coil  of  the  ileum  14  inches  in  length  ^.5 
feet  from  cecum  was  thickened,  purplish  red,  and  distended.  The 
intestine  above  and  below  was  normal.  Peritoneum  shiny;  no 
evidence  of  necrosis.  Intestinal  wall  greatly  diminished  in  lumen 
by  reason  of  thickening.  There  was  a  subacute  condition  of  the 
appendix,  which  evidently  was  the  cause  of  the  attack  ten  days 
ago.  The  appendix  was  removed.  .\  diagnosis  of  angioneurotic 
edema  was  recorded. 

Conclusions 

1.  Severe  abdominal  pains  which  do  not  conform  to  the  true 
surgical  types  may  be  confused  with  viscera!  crises  for  which 
surgery  would  be  of  no  benefit. 

2.  When  a  history  of  severe  abdominal  pain  is  given  which  does 
not  conform  to  true  surgical  types,  careful  inquiry  should  be  made 
as  to  the  presence  at  any  time  of  urticarias,  erythemas,  purpuras, 
and  swellings  of  angioneurotic  edema  types. 

3.  A  history  of  recurrent  severe  abdominal  pains  with  con- 
stancy in  the  nature  and  duration  of  the  attacks  with  skin  mani- 
festations of  any  of  the  exudative  erythemic  forms,  with  or  with- 
out noticeable  association  with  the  abdominal  pains,  should  excite 
suspicion  as  to  the  presence  of  crises  of  angioneurotic  type. 

4.  A  diagnosis  of  visceral  crises  of  angioneurotic  type  sliould  not 
be  made  until  careful  examination  has  excluded  or  made  inde- 
pendent surgical  causes.  In  this,  roentgenologic  examination  of 
the  gastro-intestinal  tract  is  valuable  negative  evidence.  Syphilis 
and  tuberculosis  should  be  excluded. 

5.  The  constancy  in  the  recurring  attacks  of  pain  not  conform- 
ing to  surgical  types  in  patients  who  have  had  skin  manifestations 
of  the  exudative  erythema  group  and  whose  general  condition  does 
not  account  for  the  suffering  they  have  had  to  l)ear  will  warrant 
a  diagnosis  of  visceral  angioneurotic  edema. 

15—5% 


834  EGERTON  L.    CRISPIN 

6.  Repeated  or  even  single  attacks  of  intestinal  colic  with  tume- 
faction in  which  the  patient's  general  condition  is  too  good  for  the 
extent  and  severity  of  the  trouble  and  in  which  history  of  swellings 
can  be  obtained,  may  be  of  this  type.  The  rapid  return  to  health 
is  strongly  suggestive  of  visceral  angioneurosis. 

7.  Having  determined  the  medical  nature  of  these  angioneurotic 
visceral  crises,  or  even  in  these  cases  of  angioneurotic  edema  or  the 
entire  exudative  erythema  group,  we  should  endeavor  to  work  out 
the  sources  of  toxemia.  These  may  be:  Foci  of  pus  in  the  upper 
respiratory  tract  and  sinuses,  bacterial  absorption,  idiosyncrasies  to 
heat,  cold,  chemicals,  parasites,  carbohydrates,  or  proteins  that  are 
the  causes  for  anaphylaxis. 

8.  Removing  the  causes  for  anaphylaxis,  whether  it  be  an 
idiosyncrasy  in  the  patient  for  ice-cream,  foreign  protein,  banana, 
alcohol,  or  any  anaphylactic  base  or  source  of  exogenous  or  endo- 
genous irritation  or  poison,  may  give  the  patient  relief  that  the 
advised  surgery  would  not  have  given  him. 
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OBSERVATIONS  ON  THE  CLINICAL   PROG- 
NOSIS OF  SYPHILIS  * 

GILBERT   J.    THOMAS 


The  discovery  of  the  spirochete  as  the  causative  organism  in 
lues,  the  Wassermann  reaction,  and  salvarsan  have  given  to  the 
medical  profession  definite  diagnostic  aids  and  a  "near"  specific 
in  syphilis. 

Physicians  who  thoroughly  examine  their  patients  and  who  take 
advantage  of  laboratory  tests  see  more  cases  of  syphilis  in  various 
stages  than  have  been  heretofore  observed.  This  is  not  because 
of  a  greater  prevalence  of  the  infection,  but  because  of  the  greater 
aid  aflForded  by  the  isolation  of  spirochetes,  and  because  by  means 
of  the  serologic  tests  we  are  now  much  better  able  to  diagnose  lues. 

The  Wassermann  Test, — Much  has  been  written  about  the  un- 
reliability of  the  Wassermann  test.  In  our  experience  in  the  Mayo 
Clinic  there  is  less  than  1  per  cent  of  error  in  the  positive  findings; 
and  treatment  has  corroborated  these  findings.  There  have  been 
a  few  false  positives  in  cases  of  cancer,  tuberculosis,  scarlet  fever, 
and  Hodgkin's  disease.  Between  25  and  30  per  cent,  of  the  patients 
who  complained  of  lues  have  given  a  negative  Wassermann.  These 
cases  were  mostly  tertiary  and  so-called  parasyphilitics.  A  pro- 
vocative dose  of  salvarsan  or  neosalvarsan,  or  the  use  of 
mercurial  inunction  for  the  same  purpose,  has  been  a  very  great 
aid  in  the  Wassermann  technic.  Many  cases  shown  to  be  nega- 
tive return  strongly  positive  after  the  administration  of  anti- 
specific  drugs  in  provocative  dosage.  This  is  especially  true  of 
tertiary  lues. 

*  Read  before  the  Goodhue  County  Medical  Society,  Red  Wing.  Minn.,  May 
4,  1915.    Reprinted  from  The  Journal-Lancet,  1916,  xxxvi,  198-sM)6. 

836 


THE   CLINICAL    PROGNOSIS   OF   SYPHILIS  837 

The  Wassermann  test  is  valuable  also  in  that  it  indicates  the 
drug  best  suited  to  the  patient  under  consideration.  In  some  in- 
stances I  have  found  neosalvarsan  effective  when  salvarsan  would 
not  reduce  the  strength  of  the  reaction;  and  iji  some  cases  that 
mercury  in  large  doses  would  reduce  the  Wassermann  reaction  after 
salvarsan  had  failed.  After  the  institution  of  treatment  the  nega- 
tive Wassermann  test  should  never  be  used  as  an  indicator  of 
sterilization,  but  as  a  sign  that  the  particular  drug  employed  is 
destroying  the  spirochete,  either  directly  or  by  the  formation  of 
antibodies. 

In  a  number  of  cases  of  secondary  lues  I  have  noted  that  the 
spinal  Wassermann  is  positive,  indicating  that  early  invasion  of  the 
central  nervous  system  may  occur  and  not  show  symptoms  for  a 
number  of  years.  For  this  reason  the  spinal  Wassermann  should 
always  be  used  in  secondary  cases;  and  the  spinal  test  should  be 
made  frequently  during  the  course  of  treatment.  In  the  tertiary 
syphilitics,  and  in  the  so-called  parasyphilitic  cases,  or  in  suspected 
cases  without  history  and  without  definite  findings,  the  spinal 
Wassermann  should  be  a  routine  procedure.  In  a  number  of 
suspicious  but  atypical  cases  a  positive  spinal  reaction  was  the  only 
confirmatory  finding.  This  has  been  especially  true  in  a  number 
of  old  syphilitics  with  no  clinical  evidence  of  lesion  in  the  central 
nervous  system. 

Diagnosis. — In  the  diagnosis  and  treatment  of  lues  it  should  be 
remembered  that  this  is  more  than  a  skin  and  venereal  affection: 
it  is  a  constitutional  disease  which  may  attack  any  organ  or  tissue. 
We  do  not  find  as  many  surface  manifestations  of  the  disease  as  in 
the  past;  and,  when  found,  they  are  not  prominent.  Comparatively 
few  primary  and  secondary  luetics  are  seen  in  the  Mayo  Clinic- 
A  great  many  visceral  and  central  nervous  lesions  and  a  great 
many  parasyphilitics  are  seen.  The  diagnosis  of  the  primary  lesion 
is  positive  in  every  case  of  untreated  chancre.  The  finding  of  the 
spirochete  is  not  difficult,  and  may  be  accomplished  by  any  physi- 
cian who  has  a  microscope  and  some  India  ink. 

The  fact  that  about  20  per  cent,  of  the  primary  lesions  of  lues 
are  extragenital  should  seriously  concern  us  as  physicians.    A  large 
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number  of  physicians  and  surgeons  have  their  fingers  and  hands 
infected;  and  we  see  many  primary  sores  about  the  month,  eyes, 
nose,  and  throat.  Any  slow-healing  lesion,  genital  or  extragenital, 
whether  or  not  it  shows  induration,  should  be  considered  luetic, 
and  serum  should  be  examined  for  the  spirochete;  if  found  nega- 
tive, the  patient  should  be  watched  for  the  approach  of  secondary 
invasion.  A  great  number  of  patients  come  to  our  clinic  every  year 
for  chronic  nose,  throat,  and  mouth  conditions  which  prove  to  be 
lues.  Many  undiagnosed  conditions  of  the  eye  are  found  to  be 
luetic  when  examined  by  a  specialist  and  checked  up  with  a  Was- 
sermann  test.  In  our  experience  a  complete  physical  examination, 
including  expert  tests  of  the  special  sense-organs  in  combination 
with  the  roentgen  ray  and  the  Wassermann,  show  a  correlation  of 
findings  which  makes  the  diagnosis  comparatively  easy.  A  care- 
fully taken  history,  with  consideration  of  the  patient's  ancestors 
and  immediate  family,  will  sometimes  reveal  a  basis  for  the  sus- 
picion of  a  luetic  taint.  Most  patients  are  truthful  when  giving 
their  history  to  the  physician,  and  state  only  the  things  which,  in 
their  judgment,  are  important.  In  my  experience  a  history'  of 
infection  long  forgotten  is  frequently  elicited  when  the  patient  is 
informed  of  the  suspicion,  and  allowed  time  to  review  his  past  com- 
plaints. For  example:  a  patient  came  recently  with  a  fair  history 
of  gall-bladder  trouble  of  long  standing,  but  the  attacks  were  atypi- 
cal and  the  man's  appearance  suggested  some  constitutional  disease. 
He  gave  a  negative  history  of  infection,  and  was  considered  a  sur- 
gical case.  The  examining  physician  noted  that  there  had  been 
no  children  and  no  pregnancies  in  his  family,  and  advised  a  Wasser- 
mann test,  which  was  strongly  positive.  When  the  patient  was 
presented  with  the  result  of  the  serologic  test,  he  denied  infection; 
and  the  test  was  repeated  and  again  found  positive.  The  ways  in 
which  the  disease  might  be  contracted  were  explained  to  the 
patient;  and  he  was  advised  to  think  over  his  previous  illnesses, 
and  report  the  following  day,  which  he  did  to  the  effect  that  while 
working  in  a  dissecting-room  (he  had  studied  medicine  for  two 
years)  he  had  cut  his  finger.  A  sore  developed  which  did  not  heal 
for  some  months.    This  story  may  or  may  not  have  been  true,  but. 
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without  cross-exagiming,  and  by  informing  the  patient  that  the 
serologic  test  might  be  in  error,  the  history  of  probable  infection 
was  obtained. 

The  preponderance  of  tertiary,  nervous,  and  parasyphilitic  cases 
over  the  number  of  primary  and  secondary  infections  does  not 
speak  well  for  the  permanence  of  the  treatment  which  has  been 
instituted  within  the  last  ten  years.  I  believe  that  many  of  these 
patients  have  been  insufficiently  treated  even  since  the  discovery 
of  salvarsan.  In  a  few  years  after  being  pronounced  cured,  they 
develop  incurable  lesions  of  the  blood-vessels,  viscera,  or  nerves. 
In  many  instances  the  usual  course  of  the  luetic  infection  is  inter- 
fered with  by  the  removal  of  the  primary  growth  and  the  institu- 
tion of  inadequate  treatment  for  too  short  a  period.  This  explains 
why  so  many  luetics  of  this  type  escape  diagnosis  until  their  entire 
history  is  taken  and  complete  examination  made.  The  examina- 
tions in  the  nose,  throat,  and  eye  departments  frequently  enable  us 
to  make  diagnosis  in  cases  with  obscure  histories  and  clinical  find-' 
ings.  In  a  number  of  patients  complaining  of  urinary  difficulty,  a 
thorough  cystoscopic  examination  revealing  a  typical  cord-lesion  of 
the  bladder  has  given  the  first  hint  of  the  cause  of  the  trouble. 
In  a  number  of  ways  the  roentgen  ray  has  led  us  to  suspect  lues, 
especially  by  showing  shadows  in  the  chest  due  to  tumors,  glands 
in  the  mediastinum,  and  enlargements  of  the  heart  and  greater 
vessels.  The  roentgen  ray  has  helped  in  the  diagnosis  of  the  con- 
dition of  bones  and  joints.  The  roentgenogram  has  also  cleared 
up  a  number  of  obscure  gastric  conditions  by  showing  contractures 
and  other  signs  indicating  the  possibility  of  lues. 

In  making  routine  Wassermann  tests  I  have  been  impressed 
with  the  great  number  of  positive  reactions  on  all  patients  show- 
ing heart-lesions  and  those  with  clinical  findings  of  heart  or  blood- 
vessel pathology.  One  observer  has  stated  that  there  are  few  luetics 
who  do  not  show,  during  the  first  five  years  of  infection,  blood- 
vessel changes  beyond  their  years.  Also,  he  states  that  congenital 
luetics  very  frequently  show  marked  blood-vessel  changes  before 
the  tenth  year  of  life.  In  our  experience  most  of  the  heart-lesions 
which  are  not  preceded  by  a  definite  history  of  rheumatic  or  ton- 
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sillar  infection  have  been  due  to  lues,  and  all  eases  should  be  looked 
upon  with  suspicion.  The  roentgen  ray  is  indispensable  in  making 
a  diagnosis  of  enlargements  of  the  vessels  and  the  heart.  Several 
of  our  cases  of  mediastinal  tumors  revealed  by  the  roentgenogram 
have  proved  luetic,  both  serologically  and  by  treatment.  The 
examination  of  the  luetic  should  always  include  a  good  roentgeno- 
gram of  the  chest  showing  the  heart  and  the  large  vessels.  In  this 
way  the  diagnosis  has  been  cleared  up  in  a  great  many  patients 
who  complained  of  pain  located  between  the  shoulderblades  and 
thought  to  be  due  to  gall-bladder  trouble.  Another  group  of  pa- 
tients, with  luetic  histories,  complaining  of  high  abdominal  pain 
consequent  to  luetic  enlargement  of  the  heart  or  aorta,  have  been 
^  observed  in  the  Mayo  Clinic. 

A  surprisingly  large  number  of  gastric  conditions  have  been 
proved  luetic  in  origin.  The  roentgen  ray  and  screen  examination 
have  contributed  largely  to  the  diagnosis  of  these  cases. 

Syphilis  of  the  liver  has  been  a  somewhat  frequent  finding,  espe- 
cially in  those  cases  showing  enlargement  of  the  left  lobe.  In  a  high 
percentage  of  cases  the  spleen  is  found  enlarged.  There  has  been 
no  typical  history  or  findings  in  these  cases  except  the  frequent 
enlargement  of  the  left  lobe  of  the  liver.  Every  patient  with  en- 
largement of  the  liver  should  have  a  Wassermann  test;  and,  if  the 
diagnosis  cannot  be  otherwise  explained,  a  provocative  drug  should 
be  given  and  the  Wassermann  test  repeated.  If  surgery  is  not 
urgent,  or  if  the  case  is  medical,  antispecific  treatment  should  be 
tried. 

In  a  number  of  cases  proctoscopic  examinations  for  rectal  com- 
plaints have  disclosed  typical  contractures,  which  have  been  the 
only  findings  suggestive  of  syphilis.  The  introduction  of  the  procto- 
scope should  always  be  practised  in  patients  complaining  of  rectal 
trouble.  In  a  few  cases  the  diagnosis  of  syphilis  has  been  suggested 
by  the  laxity  of  the  rectal  sphincter  found  on  digital  examination. 

Treatment. — It  has  been  the  opinion  in  our  clinic  that  salvarsan 
properly  administered  for  a  suflSciently  long  period  will  probably 
cure  lues.  After  recovering  from  their  symptoms,  patients  fre- 
quently stop  treatment ;  therefore  the  necessity  of  the  continuation 
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of  some  kind  of  treatment  for  at  least  three  years  should  be  im- 
pressed upon  them.  In  some  instances  patients  remain  under  ob- 
servation only  long  enough  to  receive  several  injections  of  salvar- 
san.  To  supplement  this  they  must  take  treatment,  either  sal- 
varsan  or  mercury,  for  at  least  three  years,  when  they  may  be 
encouraged  to  expect  cure,  though  they  should  not  be  assured  of 
it  as  a  certainty.  I  agree  with  Ormsby  in  his  statement  that  it  will 
be  fifteen  years  before  we  can  have  proof  of  the  permanence  of  cures 
effected  by  our  present  methods  of  treatment.  Physicians  treating 
patients  with  salvarsan  or  other  specific  drugs  should  keep  a  very 
careful  record  of  the  drugs  used,  total  amounts  given,  inethods  of 
administration,  intervals  between  treatments,  and  the  length  of 
time  the  patient  is  under  observation.  In  this  way  only  can  an 
outline  for  uniform  treatment  be  formulated  which  will  indicate 
the  best  drug  or  combination  of  drugs  to  use  in  the  different  stages 
of  lues,  and  will  afford  a  complete  record  of  a  large  number  of  cases 
so  that  the  permanence  of  our  cures  can  be  correctly  estimated. 

Intravenously,  I  employ  either  salvarsan  or  neosalvarsan.  The 
new  drug  can  be  given  in  larger  quantity  and  more  frequently  than 
salvarsan.  It  is  easy  to  prepare,  and  should  be  the  one  chosen. 
The  first  requisite  in  intravenous  medication  is  pure  water.  This 
can  be  obtained  only  by  distillation  and  thorough  sterilization. 
The  water  should  be  used  the  same  day  it  is  distilled;  but  if  it 
has  not  been  opened,  resterilization  is  sufficient  for  its  use  on  the 
following  day.  If,  after  this  preparation,  one  cannot  be  sure  of  the 
water,  a  control  injection  should  be  given  of  water  alone  in  the  same 
amount  that  would  be  required  for  the  salvarsan  solution.  This" 
insures  any  reaction  following  salvarsan  medication  to  be  due  to 
the  salvarsan  and  not  to  the  water.  A  large  amount  of  apparatus 
is  not  necessary  for  intravenous  medication,  even  when  using  sal- 
varsan. A  25  c.c.  syringe,  one  and  one-half  inches  of  rubber  tubing 
of  small  caliber,  and  a  needle  of  moderate  caliber  are  all  that  is 
necessary. 

The  preparation  of  the  drugs  is  important,  and  should  be  care- 
fully carried  out.  A  complete  solution  should  be  made  of  either 
salvarsan  or  neosalvarsan  before  it  is  used.    All  the  precautions 
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found  on  the  wrapper  of  every  ampulla  should  be  carefully  read  at 
least  once  before  a  patient  is  treated.  If  these  precautions  are 
taken,  complications  can  be  averted,  and  salvarsan  becomes  prac- 
tically a  harmless  drug. 

Of  special  importance  are  the  solubility  and  the  alkalinization 
of  salvarsan.  The  drug  should  be  put  into  very  hot  water,  and 
enough  sodium  hydroxid  should  be  added  to  get  a  clear  amber  solu- 
tion. After  this  has  taken  place  several  drops  of  sodium  hydroxid 
should  be  added  to  make  doubly  sure  the  solution  is  distinctly 
alkaline.  I  have  never  seen  any  bad  results  from  overalkaliniza- 
tion;  on  the  other  hand,  deaths  have  been  reported  from  using  the 
acid  solution.  The  operator  should  be  extremely  careful  that  the 
drug  is  well  dissolved  in  the  hot  water  before  introducing  the 
sodium  hydroxid.  When  using  a  syringe  and  concentrated  solu- 
tions, the  addition  of  salt  solution  is  not  necessary.  I  have  seen 
less  reaction  when  using  salvarsan  in  a  concentrated  solution  in 
water  only  when  thoroughly  alkaline  than  when  using  the  old 
method  of  dissolving  the  mixture  to  300  c.c.  with  salt  solution.  As 
I  have  stated,  salvarsan  in  from  0.2  to  0.4  gm.  doses  in  concentrated 
solutions  is  now  being  used  in  our  Clinic.  If  this  mixture  is  injected 
very  slowly  and  is  thoroughly  in  solution,  there  is  no  more  reaction 
than  in  using  the  diluted  method.  It  is  not  necessary  to  incise  the 
arm  nor  to  dissect  the  vein.  With  a  little  care  and  practice  a  needle 
can  be  introduced  directly  into  the  vein.  If  a  needle  of  fair  size 
is  used,  clotting  is  not  frequent.  A  free  flow  of  blood  indicates  to 
thejDperator  that  the  needle  is  within  the  lumen  of  the  vein,  and 
injection  may  begin.  The  patient  should  be  supine,  with  the  arm 
extended  at  right  angles  to  the  body  and  lying  loosely  on  a  small 
board,  which  can  be  attached  to  the  table. 

In  a  few  primary  cases  I  have  observed  salvarsan  has  been 
given  in  small  doses  twice  a  week  for*  three  or  four  doses,  and  then 
in  larger  doses  until  eight  to  ten  injections  have  been  given.  The 
reaction  of  the  patient,  and  the  character  of  the  urine,  should  be 
the  guide  to  increased  dosage  and  to  frequency  of  administration. 
The  sore  can  be  treated  locally  by  thorough  cautery,  surgical 
removal,  or  by  the  application  of  antispecific  drugs.    I  have  found 
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an  emulsion  of  salvarsan  one  of  the  best  dressings  that  can  be 
applied  to  chancre.  The  patient  is  advised  to  return  from  four  to 
six  weeks  after  the  disappearance  of  his  chancre,  at  which  time  a 
Wassermann  is  taken  before  and  after  provocative  medication. 
He  is  also  advised  to  return  for  examination  and  for  serologic  tests 
every  three  months  the  first  year,  and  every  six  months  for  the 
following  two  years.  During  one  of  his  subsequent  visits  a  spinal 
puncture  and  Wassermann  on  the  spinal  fluid  should  be  made. 

In  secondary  cases  the  dosage  should  be  smaller  and  cautiously 
administered,  since  the  reactions  from  dead  organisms  are  fre- 
quently observed  and  have  been  known  to  cause  the  death  of  the 
patient.  Mucous  patches  may  be  treated  with  salvarsan  emulsion 
in  connection  with  the  intravenous  medication.  These  cases  are 
treated  twice  a  week  as  long  as  they  have  a  reaction,  and  then  every 
other  day  until  the  Wassermann  is  negative.  If  they  are  symptom- 
less at  this  time,  mercury  medication  is  advised  after  a  rest  of  one 
or  two  weeks.  The  mercury  is  to  be  taken  by  inunction  or  by 
intramuscular  injection  in  large  quantities  for  six  weeks.  The 
patient  is  then  advised  to  rest  again  for  a  short  period.  In  this 
group  of  cases  the  Wassermann  should  be  frequently  taken,  not  as 
an  indicator  of  sterilization,  but  to  show  the  progress  made  in  the 
treatment  of  the  patient.  We  found  in  some  cases  that  the  Wasser- 
mann remained  positive  despite  salvarsan  medication,  but  that 
neosalvarsan  or  mercury  quickly  changed  the  reaction. 

Eye  complications  or  lesions  of  luetic  origin  have  not  been  found 
a  contraindication  to  arsenic  therapy.  When  the  destruction  was 
not  complete,  a  great  many  eye  conditions  have  improved.  In  our 
earlier  work  the  eyes  were  routinely  examined  before  the  first  dose 
of  salvarsan  was  given;  at  the  present  time  complications  in  the 
ears  are  more  especially  investigated. 

In  treating  many  cases  of  aneurysm  and  valvular  disease  of  the 
heart  a  very  marked  improvement  symptomatically  and  a  slow 
but  steady  decrease  in  the  size  of  the  roentgen  shadow  have  been 
noted.  Many  valvular  lesions  without  pathology  in  the  large 
arteries  have  been  permanently  and  completely  relieved  by  sal- 
varsan.   I  had  one  very  interesting  case  of  complete  heart  block. 
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which  was  permanently  relieved  after  three  intravenous  injections 
of  neosalvarsan.  No  difficulty  has  been  experienced  in  treating  the 
largest  aneurysm  when  small  doses  and  concentrated  solutions 
were  used,  thus  not  affecting  the  blood-pressure.  It  is  our  practice 
in  these  cases  to  precede  the  arsenic  therapy  by  large  doses  of 
mercury.  The  mercurial  treatment  tends  to  reduce  the  amount  of 
reaction  occurring  in  most  cases  after  the  first  and  second  injec- 
tions. Enlarged  glands  within  the  mediastinum  respond  quickly 
to  treatment. 

Syphilitic  infection  of  the  stomach  is  a  frequent  finding,  and  it 
seems  to  be  a  very  favorable  condition  for  treatment.  I  have  col- 
lected betw^een  20  and  30  cases  which,  by  the  histor>%  roentgen  ray, 
serologic  findings,  and  treatment  have  been  proved  to  be  gastric 
lues.  Such  patients  are  quickly  relieved  of  their  symptoms.  Their 
gain  in  weight  and  constitutional  improvement  are  very  marked. 
The  roentgen  ray  is  a  great  aid  in  making  the  diganosis  and  in 
ascertaining  the  degree  of  improvement  after  treatment.  A  few- 
patients  in  this  group  failed  to  improve  under  treatment;  they 
showed  ulcer  at  operation.  This  brings  out  a  point  that  should 
always  be  remembered — that  syphilitic  patients  may  have  lesions 
not  dependent  on  the  syphilitic  invasion,  and  that  tissues  or  organs 
thus  affected  may  give  rise  to  symptoms  recognized  as  independent 
of  the  luetic  infection. 

Gumma  of  the  liver  and  spleen  is  not  so  quickly  relieved  as 
luetic  tumor  located  elsewhere  in  the  body.  By  persisting  with 
treatment  I  have  seen  a  very  large  gumma  of  the  liver  gradually 
reduced  in  size.  A  case  of  this  kind  requires  persistent  and  con- 
tinuous treatment,  either  arsenic  or  mercury  and  iodid  in  large  doses. 
Bone  and  joint  conditions  show  early  improvement,  but  cures  are 
very  slow,  and  this  type  of  case  seems  to  respond  more  quickly 
to  combined  mercury  and  arsenic  treatment  than  to  either  given 
alone.  I  have  not  had  a  great  deal  of  experience  with  the  intradural 
method  of  treatment  in  lues  of  the  nervous  system.  I  have,  how- 
ever, made  several  intradural  injections,  using  arsenized  serimi  and 
minute  dosage  of  neosalvarsan  in  solution,  but  the  results  from  this 
mode  of  treatment  do  not  seem  to  be  more  permanent  or  more 
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marked  than  when  the  treatment  is  carried  on  intravenously.  Such 
cases  should  have  repeated  small  injections  two  to  four  times  per 
week.  Very  marked  improvement  in  the  symptoms,  and  especially 
in  the  general  condition,  of  these  unfortunate  individuals  has  been 
noted.  In  a  few  cases  there  has  been  a  reversal  of  the  spinal  Was- 
sermann  after  intravenous  medication  or  the  combined  arsenic- 
mercury  treatment.  i\ll  these  patients  should  first  have  intra- 
venous treatment,  and  intraspinous  treatment  if  the  first  is  not 
sufficient  to  relieve  symptoms.  Our  aim  is:  (1)  To  improve  the 
general  tone  of  the  patient;  (2)  to  arrest  the  progress  of  the  disease; 
(3)  to  improve  the  symptoms  complained  of;  (4)  to  bring  about  a 
general  symptomatic  and  serologic  improvement;   and  (5)  to  cure. 

Conclusions 
The  discovery  of  the  spirochete,  the  Wassermann  reaction,  and 
salvarsan  are  efficient  means  for  the  diagnosis  and  proper  treat- 
ment of  syphilis-  The  permanence  of  our  cures  cannot  be  estimated 
until  a  sufficient  time  has  elapsed  for  the  assembling  of  complete 
and  thorough  record — showing  the  drug  employed,  amount  used, 
method  and  manner  of  administration,  serologic  and  symptomatic 
improvement,  and  cure.  Syphilographers  in  particular,  and  the 
medical  profession  in  general,  should  advise  their  patients  to  see 
their  physicians  frequently  regardless  of  whether  or  not  they  have 
symptoms  of  recurrence,  in  order  that  thorough  serologic  and  clin- 
ical examinations  may  be  made.  The  diagnosis  of  blood-vessel, 
visceral,  and  nervous  lues  is  frequently  missed  because  complete 
physical  examination  is  not  made,  and  because  the  correct  inter- 
pretation of  serologic  and  other  tests  becomes  more  difficult  as  the 
disease  progresses.  The  complete  examination  of  the  special  sense 
organs,  and  the  use  of  the  roentgen  ray,  should  always  be  em- 
ployed, as  these  findings  are  indis[)ensable.  Every  luetic  patient 
should  be  thoroughly  treated;  the  longer  the  history,  the  more 
prolonged  the  treatment  should  l)e.  Some  degree  of  improvement 
is  noticed  in  ever>'  thoroughly  treated  luetic  patient. 


CLINICAL  OBSERVATIONS  ON  LUETIC  DIS- 
EASE OF  THE  HEART  AND  AORTA  * 
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Luetic  disease  of  the  heart  and  aorta  has  been  brought  into 
prominence  within  the  last  five  years  by  the  Wassermann  test  in 
conjunction  with  the  radiographic  and  fluoroscopic  findings. 

I  shall  not  attempt  to  discuss  the  abundance  of  valuable  litera- 
ture on  this  subject,  but  shall  merely  recount  some  of  the  observa- 
tions made  on  patients  as  they  have  presented  themselves  at  the 
Mayo  Clinic:  (1)  As  to  their  principal  symptoms;  (2)  as  to  the  most 
commonly  found  and  pronounced  physical  findings;  and  (3)  as  to  the 
results  obtained  by  treatment.  No  effort  has  been  made  to  follow 
out  the  experimental  or  pathologic  aspects  of  the  conditions. 

Of  1379  patients  with  syphilis  examined  during  the  five  years 
ending  January  1,  1915,  there  were  59  with  diseases  of  the  heart, 
aorta,  and  mediastinum  which  were  attributed  to  the  specific 
disease,  and  14  in  whom  cardiac  lesions  were  noticeable,  but  of 
secondary  importance.  Only  cases  in  which  a  definite  diagnosis 
could  be  made  are  included  in  this  report,  and  a  number  have  been 
discarded  because  the  history  and  findings  were  not  sufficiently 
clear-cut  for  the  purpose  of  tabulation.  A  large  number  of  very 
early  cases  in  this  way  are  possibly  not  included. 

In  53  of  the  59  cases  there  were  positive  Wassermann  reactions, 
a  majority  with  total  inhibition;  and  in  the  remaining  6  there  were 
positive  histories  of  syphilis.  In  connection  with  this  incidence  it 
is  of  interest  that  many  of  the  patients  as  they  presented  themselves 

*  Read  at  the  forty-seventh  annual  meeting  of  the  Minnesota  State  Medical 
Association,  at  Rochester,  September  30,  1915.  Reprinted  from  The  Journal- 
Lancet,  1915,  XXXV,  688-91. 
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were  past  the  secondary  stage.  Other  infections  may  have  played 
a  part,  yet  only  4  patients  had  had  scarlet  fever,  4  typhoid  fever, 
3  chronic  and  2  acute  rheumatism,  and  2  gave  a  history  of  attacks 
of  tonsillitis.  Fifty  of  the  patients  were  men,  and  9  were  women. 
The  oldest  was  sixty-seven,  the  youngest  twenty-seven;  and  the 
average  age  was  forty-seven  years. 

For  the  purpose  of  contrast,  the  cases  have  been  divided  into 
three  groups.  It  was  found  that  the  syndrome  and  the  physical 
findings  of  these  three  groups  were  rather  sharply  drawn;  and 
since  it  seemed  that  a  comparison  of  them  in  each  group  might 
be  of  diagnostic  value,  a  tabulation  has  been  made. 

Group  I. — Cardiac  and  Mediastinal,  16  Cases — Symptoms 
Of  this  group  15  patients  complained  chiefly  of  dyspnea,  5  need- 
ing extra  pillows  when  reclining.  The  same  number  complained 
of  pain,  which  was  described  as  dull,  sore,  sticking  or  catchy, 
usually  in  the  chest,  but  in  two  cases  it  was  noted  in  the  abdomen. 
Other  of  the  prominent  symptoms  were  dizziness,  congestion  of  the 
face,  and  gastric  disorders.  In  3  there  was  a  history  of  edema. 
The  longest  duration  of  symptoms  was  twelve  years,  the  shortest, 
two  months;   average,  twenty-one  months. 

Group  II. — ^Aortitis,  18  Cases — Symptoms 
No  special  symptoms  were  prominent  in  this  group.  Pain, 
dyspnea,  cardiac  and  gastric  disorders,  and  weakness  were  most 
frequently  mentioned.  One  patient  complained  of  gas,  1  of  urinary 
trouble,  and  1  of  staggering.  Pain  was  noted  in  12  cases;  a  history 
of  edema  in  3.  Two  patients  were  so  dyspneic  as  to  be  unable  to 
lie  flat.  The  longest  duration  of  symptoms  was  six  years,  the 
shortest  two  months;  average,  two  and  one-half  years.  In  11  cases 
the  illness  was  constant;  in  9,  worse  at  times. 

Group  III. — ^Aneurysm,  ^  Cases — Symp??oms 
Pain  was  noted  as  the  predominant  complaint  in  15  of  these 
patients,  and  was  present  in  all  but  1.    It  was  mostly  precordial  in 
14  patients;  down  the  left  or  right  arm  in  others;  to  the  back  in  18, 
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being  described  as  dull,  severe,  progressive,  or  griping;  taking  the 
breath  in  1,  nocturnal  in  3,  anginal  in  1.  Among  other  symptoms 
were  abdominal  disturbance  in  2;  swelling  (aneurysmal  mass)  in  6; 
cough  in  4;  pressure,  weakness,  or  dyspnea  alone  in  3.  Three 
patients  gave  a  history  of  edema.  Four  needed  pillows,  2  because 
of  pain  and  2  because  of  dyspnea.  The  longest  duration  of  symp- 
toms was  twelve  years,  the  shortest,  three  months;  average,  six 
years  and  eight  months.  In  23  of  the  25  the  complaint  was  con- 
stant, in  1 1  worse  in  spells. 

General  Symptomatology  in  the  Series, — In  24  of  the  total  59 
cases  comprising  the  series,  pain  was  increased  by  exertion.  In  the 
cardiac  and  aortitis  groups  the  incidence  of  gastric  trouble  is 
of  interest,  occurring  11  times  in  each  16  and  18  cases,  while 
only  seven  times  in  the  group  of  aneurysms  (25  cases).  In  24  the 
food-intake  increased  the  complaint.  A  history  of  gas,  pressure, 
and  epigastric  pain  may  be  of  great  value  in  the  differential  diag- 
nosis of  this  group  of  cases  from  upper  abdominal  lesions,  especially 
of  gall-bladder  disease. 

It  must  be  remembered  that  there  may  be  coincident  aortic  and 
abdominal  trouble.  This  was  manifested  in  our  series  by  one  of  the 
patients  who  later  had  a  resection  of  the  pyloric  end  of  the  stomach 
for  ulcer.  The  chief  complaint  may  be  misleading,  and  the  diagno- 
sis may  be  missed  without  a  careful  history  and  examination. 
Examples  of  such  misleading  symptoms  are  chills,  malaise,  dizzi- 
ness, ''staggering  and  paralysis,'*  nervousness  and  burning,  and 
frequent  urination. 

In  this  entire  series  it  may  be  noted  that  the  majority  of  the 
patients  were  ambulatory.  Those  of  the  cardiac  group  showed 
most  disability,  and  those  of  the  aneurysmal  least.  (Six  in  the  first 
group,  2  in  the  second,  and  1  in  the  third  had  edema  at  the  time 
of  examination.)  Dyspnea  and  edema  in  the  cardiac,  dyspnea  in 
the  aortitis  and  pain  in  the  aneurysmal  group  were  the  greatest 
symptomatic  factors  in  the  production  of  the  disability. 

Group  I. — Cardiac  and  Mediastinal. — Physical  Findings. — ^The 
prominent  findings  in  this  group  were  irregularity  of  the  pulse  and 
a  tendency  to  tachycardia,  the  average  rate  being  98.    In  only  2 
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was  the  pulse  noted  as  normal.  Six  had  edema  at  the  time  of 
examination.  Venous  pulsation  in  the  neck  occurred  in  4  cases. 
Valvular  murmurs  were  found  in  all  but  6,  the  predominant  being 
a  systolic  at  the  apex,  with  a  systolic  murmur  at  aortic  area  next 
in  frequency.  Cardiac  dulness  was  normal  in  4  cases,  in  1  of  which 
it  was  due  to  pulmonary  emphysema;  increased  to  the  left  in  10, 
and  markedly  so  (a  three-inch  or  more  dilatation  and  hypertrophy) 
in  7,  and  to  the  right,  also,  in  6  more.  A  broadening  of  the  medias- 
tinal dulness  was  found  in  3  only.  Radiographs  which  were  taken 
in  7  of  the  11  cardiac  cases  showed  cardiac  enlargement,  and  in  2 
of  these  a  mediastinal  shadow.  The  two  had  predominant  cardiac 
symptoms.  In  all  5  mediastinal  cases  a  well-defined  shadow  was 
shown.  Irregularity  of  the  pulse,  broadening  of  the  cardiac  or 
mediastinal  dulness,  and  the  radiographic  evidence  were  the  most 
important  findings  in  this  group. 

It  is  of  interest  to  note  that  in  the  majority  of  cardiac  cases 
there  was  evidence  of  nephritis,  in  most  instances  of  rather  severe 
grade,  and  that  this  was  not  true  in  the  other  groups. 

Group  II. — Aortitis. — Physical  Findings, — In  this  group  irregu- 
larity of  pulse  was  observed  once  only,  while  the  water-hammer  was 
noted  7  times 'in  the  18  cases.  The  average  pulse-rate  was  87. 
A  thrill  over  the  aortic  area  or  carotid  was  noted  in  7  cases.  In  all 
but  one  of  these  there  was  definite  evidence  of  cardiac  hypertrophy 
to  the  left,  in  14  not  over  a  two-inch  increase.  Increase  of  the  right 
occurred  in  7,  and  a  broadened  aortic  dulness  in  8.  The  radiogram 
showed  the  heart  enlarged  in  14  cases  and  the  aorta  in  7.  The 
relative  cardiac  enlargement  was  less  marked  than  in  purely  the 
cardiac  cases.  A  to-and-fro  aortic  murmur  occurred  in  12  cases, 
being  purely  diastolic  aortic  in  only  3.  The  systolic  murmurs  were 
transmitted  mainly  to  neck  and  shoulders,  the  diastolic  to  the  apex, 
over  the  chest,  up  the  sternum,  or  to  the  ensiform.  The  main 
features,  then,  were  the  aortic  insufficiency  with  systolic  and  dias- 
tolic aortic  murmurs  and  its  accompanying  water-hammer  type 
of  pulse. 

Group  III. — Aneurysmal. — Physical  Findings. — The  main  fea- 
tures noted  were  heaving  of  the  chest  in  21;   thrill  in  7;   tracheal 
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tug  in  6;  slight  cardiac  enlargement  in  11;  and  broadened  aortic 
dulness  in  11.  The  fluoroscope  and  roentgen  ray  showed  increase 
in  the  size  of  the  aorta  in  22,  of  the  heart  in  4;  and  pulmonary  con- 
gestion in  1.  In  these  cases  there  was  an  absence  of  bruits  in  only  S. 
The  systolic  aortic  murmur  was  common,  although  murmurs 
were  heard  all  over  the  valvular  areas.  Vocal-cord  paralysis 
was  a  valuable  finding. 

In  the  comparison  of  the  three  groups  the  blood-pressure  was  of 
value,  both  from  a  diagnostic  and  prognostic  standpoint.  See 
Table  I  for  the  highest,  lowest,  and  average  of  the  systolic,  diastolic, 
and  pulse-pressure. 


TABLE  I 

Systolic 

DiASTOUC 

PULBE-PBEBBCU 

Blood-PR  BB8UBE 

HighMt 

Ixjwest 

Avera|;e 

Highest 

Lowest 

Average 

Hiffbest 

Lowest 

Average 

Group  I 
16  cases 
Heart  and 
mediasti- 
num  .... 

198 

100 

147 

148 

60 

98 

108 

15 

44 

Group  II 
18  cases 
Aortitis 

230 

120 

153 

110 

61 

120 

20 

97 

Group  III 
25  cases  an- 
eurysm .  . 

210 

75 

R.  123 
L.  141 

100 

60 

76 

110 

17 

52 

It  will  be  noted  that  in  Groups  I  and  II  the  systolic  pressure 
averages  higher  than  in  Group  III.  In  the  aneurysmal  group  the 
blood-pressures  in  the  arms  were  unequal  and  were  difficult  to 
take.  It  is  noteworthy  that  the  systolic  on  the  left  ran  ahead  of  the 
right.  In  Group  I  we  find  a  higher  average  diastolic  pressure,  which 
is  of  interest  in  view  of  the  nephritic  findings.  These  cases  pre- 
sented correspondingly  graver  clinical  pictures.  The  average  low 
diastolic  pressure  and  high  pulse-pressure  in  Group  III  suggested 
an  aortic  insufficiency,  which  was  fairly  well  compensated. 

While  a  high  diastolic  was  generally  found  to  have  bad  prog- 
nostic significance,  one  patient  who  had  a  systolic  blood-pressure 
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of  165  and  a  diastolic  pressure  of  146  reported  one  year  later  that 
she  was  better.  Another  with  pulse-pressure  on  the  right  of  108 
and  on  the  left  of  10  reports  he  is  feeling  entirely  well  and  is  doing 
manual  labor. 

Treatment, — Much  has  been  written  on  the  various  methods 
of  treatment.  Most  of  our  patients,  especially  in  the  aneurysmal 
group,  were  not  treated  in  our  clinic;  and  therefore  observations 
on  the  relative  value  of  various  measures  have  not  been  extensive. 
We  have,  however,  followed  certain  general  lines  which  seemed 
best  for  patients  who  remained  for  a  time  at  the  clinic.  These  may 
be  classified  as  :  (1)  Rest;  (2)  cardiac  medication;  (3)  potassium 
iodid  and  mercury,  and  (4)  salvarsan  and  neosalvarsan. 

Especially  in  the  cardiac  and  cases  of  aortitis  rest  was  found 
to  be  the  most  important  factor,  with  such  cardiac  medication  as 
seemed  indicated.  As  soon  as  the  most  aggravated  symptoms  were 
in  abeyance,  mercury  rubs  were  used  in  conjunction  with  potas- 
sium iodid  in  increasing  doses  by  mouth.  The  use  of  intramuscular 
injections  of  mercury  salicylate  in  at  least  two  cases  increased  the 
distress  and  dyspnea,  and  its  use  was  discontinued.  Heavy  doses 
of  mercury  given  within  a  short  time  seemed  to  cause  a  reaction, 
possibly  of  local  swelling,  which  increased  the  discomfort.  The 
physician  of  one  patient  reported  improvement  with  the  use  of 
protiodid  of  mercury  by  mouth.  In  17  of  the  later  cases  salvarsan 
or  neosalvarsan,  or  both,  were  used  without  any  apparent  bad 
result,  and  frequently  with  noticeable  lessening  of  the  discomfort. 
When  the  patient  was  quite  sick,  iodid  of  potassium  and  mercury 
rubs  were  always  used  before  salvarsan  was  employed.  In  the  later 
cases  neosalvarsan  was  used  in  small  doses  in  preference  to  the 
salvarsan.  To  our  direct  knowledge  34  of  these  patients  received 
mercury  or  salvarsan  or  both,  and  32  were  given  potassium  iodid. 
Many  of  the  remainder  were  given  antispecific  medication  by  their 
physicians  at  home.  All  those  treated  in  our  clinic  received  anti- 
specific  treatment  except  one  patient  who  died.  His  trouble  had 
lasted  but  two  months,  and  was  so  severe  that,  in  spite  of  a  total 
inhibition  Wassermann,  mercury  was  not  used.  An  autopsy  was 
not  obtained  in  this  case,  and  we  were  unable  to  determine  whether 
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there  might  have  been  some  other  causative  factor  aside  from  the 
syphilis. 

A  tabulation  has  been  made  of  the  patients  treated  at  the  Mayo 
Clinic,  and  followed  by  letters  of  inquiry. 


TABLE  II 


Statement  fhoii  Patient 


Group  I 

(16  Cases) 

Heart  and 

Mediastinum 


Group  II 

(18  Cases) 
Aortitis 


Group  m 
(«5  Cases) 
Aneubtsm 


Alive  four  years 

Alive  three  years 

Alive  two  years 

Alive  one  year 

Feeling  well 

Feeling  better 

Feeling  same 

Feeling  worse 

Dead  and  not  heard  from . 


1 
3 
4 

2  (12.5%) 
5  (31.25%) 

1  (6.25%) 
8  (50%) 


1 

1  (5.5%) 
5  (27.7%) 


12  (66.6%) 


1 

2 
3 

2 

3  (12%) 
3  (12%) 
2  (8%) 

17  (68%) 


Eight  of  the  patients  in  the  cardiac  group  improved;  1  died. 
Three  were  worse  while  under  observation.  Two  of  those  who 
improved  returned  later  much  worse  and  died.  In  replies  to  letters 
from  the  remaining  13,  5  were  better,  2  were  feeling  well,  1  was 
worse,  and  4  had  died;   1  was  not  heard  from,  and  is  probably  dead. 

Of  the  aortic  patients,  10  were  treated  at  the  clinic  and  all 
improved,  7  quite  markedly.  One  returned  and  died,  and  1  died 
later  after  a  resection  of  the  pyloric  end  of  the  stomach  for  ulcer. 
Letters  from  the  remaining  16  showed  that  1  was  feeling  well,  5 
were  better,  and  6  had  died;  4  were  not  heard  from. 

Nine  of  the  25  aneurysmal  patients  were  treated.  Improve- 
ment was  noted  in  6;  1  died.  Replies  to  letters  sent  to  the  re- 
maining 24  stated  that  3  were  feeling  well,  3  were  better,  2  the 
same,  and  5  had  died;  11  were  not  heard  from.  From  recent 
reports  it  was  learned  that  of  these,  2  who  had  definite  bulging, 
heaving  masses  reported  after  two  years  that  they  are  feeling  quite 
well,  although  the  masses  have  not  disappeared;  the  other,  who 
had  an  aneurysmal  dilatation  of  the  descending  aorta,  as  shown  by 
the  roentgen  ray,  feels  well  and  is  doing  regular  farm  work. 

The  ratios  in  Groups  II  and  III  are  peculiar  in  that  three 
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patients  of  Group  III  and  only  one  of  Group  II  are  feeling  well. 
Of  Group  1, 50  per  cent,  are  alive,  as  against  33.2  per  cent,  in  Group 
II  and  30  per  cent,  in  Group  III. 

Summary 

1.  In  1379  cases  of  syphilis,  clear-cut  syphilitic  disease  of  the 
heart  or  aorta  occurred  in  59  (4.29  per  cent.). 

2.  The  aorta  seems  to  be  affected  by  syphilis  more  frequently 
than  the  heart. 

3.  Syphilis  of  the  heart  does  not  present  a  typical  syndrome 
other  than  that  of  myocardial  change.  The  positive  Wassermann 
is  almost  necessary  for  a  definite  diagnosis. 

4.  Syphilis  of  the  heart,  while  presenting  graver  immediate 
symptoms,  responds  more  readily  to  treatment,^ and  the  benefit  is 
more  lasting  than  in  syphilis  of  the  aorta. 

5.  Syphilis  of  the  mediastinum  presents  a  clinical  history  simi- 
lar to  that  of  cardiac  syphilis,  and  also  shows  a  similar  benefit  from 
treatment. 

6.  The  use  of  potassium  iodid  with  mercury  is  of  value,  even 
when  the  patient  is  showing  marked  evidence  of  decompensation. 

7.  The  use  of  the  iodids  and  mercury  in  some  cases  seems  of 
value  preceding  the  use  of  salvarsan. 

8.  Salvarsan,  and  especially  neosalvarsan,  is  of  considerable 
value  in  syphilis  of  the  heart  and  aorta,  and  can  be  used  in  small 
doses,  even  in  severe  cases. 

9.  The  use  of  vigorous  and  persistent  antispecific  treatment 
will  relieve  the  discomfort,  and  apparently  arrest  the  progress  of 
certain  aneurysmal  cases. 


SNUFF-POISONING* 

EGERTON    L.    CRISPIN 


The  use  of  snuff,  a  most  pernicious  habit,  with  definite  evil 
effects,  has  been  creeping  into  this  country  in  the  last  few  years. 
Snuff  in  the  form  of  pure  ground  tobacco  has  long  been  used  in  the 
United  States;  in  the  southern  States  it  is  chewed  and  used  on 
snuff-sticks  in  thq  form  of  a  paste.  Furriers  take  it  to  expel  the 
fine  seal  hair  that  gathers  in  the  nose  during  the  day's  work; 
and  the  effect  of  such  usage  is  probably  not  different  from  that  of 
other  kinds  of  tobacco. 

There  is  another  form  of  snuff,  however,  the  effects  of  which  are 
far  in  excess  of  that  seen  in  the  immoderate  use  of  tobacco,  that 
must  contain  ingredients  other  than  the  usual  mixture  of  pulver- 
ized tobacco.  This  snuff,  the  so-called  **  Copenhagen, "  is  sold  and 
used  extensively  in  the  middle  northwestern  States  by  large  num- 
bers of  foreigners,  as  well  as  American  adults  and  youths. 

References  in  the  literature  to  the  general  use  of  this  form  of 
snuff  are  of  comparatively  recent  date.  Four  years  ago  ^  attention 
was  called  to  it  as  an  evil  in  the  State  of  North  Dakota,  and  quite 
recently  Hielscher^  has  presented  a  paper  on  the  subject.  Twenty- 
five  cases  have  been  indexed  in  the  Mayo  Clinic,  none  prior  to 
1914.  The  duration  of  the  habit  in  some  of  these  extends  over  a 
number  of  years. 

The  use  of  "Copenhagen"  snuff  produces  most  deleterious  re- 
sults. The  users  of  excessive  amounts  suffer  from  chronic  head- 
aches, indigestion,  irritable  heart-action,  increased  respiration  on 
exertion,  and  impaired  mentality  to  the  point  of  degeneracy. 
Delusions  and  hallucinations  are  not  uncommon  in  the  worst  cases. 

*  Reprinted  from  The  Journal-Lancet,  1916,  xxxvi,  48-49. 
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A  number  of  cases  of  marked  psychosis  have  been  observed  in 
the  State  Hospital  at  Rochester,  believed  to  be  due  to  the  excessive 
use  of  this  form  of  snuff  (Heyerdale^). 

The  habit  is  generally  acquired  through  a  friend  who  passes  on 
a  chew  or  a  pellet  to  try,  or  by  boys  trying  a  pinch  from  sample 
boxes  with  which  many  of  the  smaller  towns  have  been  well  sown. 
It  is  commonly  used  as  a  pellet  placed  under  the  upper  or  lower  lip. 
Apparently  it  does  not  stimulate  the  salivary  glands,  as  does  chew- 
ing tobacco.  The  lack  of  expectoration  and  the  invisible  manner 
in  which  it  can  be  chewed  undoubtedly  is  a  large  factor  in  the 
growth  and  spread  of  the  habit.  The  pellet  is  held  under  the 
lip  until  its  eflFect  is  gone,  and  then  replaced  by  another.  The 
eflFect  of  the  drug  comes  rapidly,  evidently  from  absorption  through 
the  buccal  mucous  membrane.  It  stimulates  and  satisfies  the 
craving  that  its  use  causes.  In  the  novice  it  produces  a  marked 
dizziness,  increased  heart-action,  and  a  "jag"  feeling.  The  habit 
quickly  grows;  and  in  the  chronic  cases  is  most  diflBcult  to  break. 
Attempts  to  cease  its  use  leave  a  wrecked  condition  of  the  nerves. 

Hielscher^  calls  attention  to  high  blood-pressure  as  one  of  the 
conditions  found  in  users  of  "Copenhagen**  snuff.  However,  in 
our  25  cases  there  was  but  one  with  a  blood-pressure  that 
could  be  considered  above  normal  for  the  individual, — systolic, 
178;  and  diastolic,  115,  — ^the  only  one  recorded  in  which  the  sys- 
tolic was  above  150.  The  average  in  the  series  was  systolic,  132; 
diastolic,  85.  The  average  age  of  users  is  thirty- three  and  one- 
half  years;  the  oldest,  sixty-one,  the  youngest,  twenty-two  years. 
Fifteen  of  the  25  used  alcohol,  but  4  only  in  more  than  slight  or 
moderate  amounts.  Thirteen  either  chewed  or  smoked  tobacco. 
A  few  used  from  two  to  three  boxes  of  the  snuff  a  week;  the  major- 
ity, a  box  or  more  a  day  over  periods  from  a  year  to  twenty  years, 
the  average  duration  being  six  or  seven  years. 

The  chronic  snuff  habitue  does  not  consult  the  physician  to  be 
cured  of  the  habit,  but  because  of  impaired  organic  function.  In 
none  of  the  patients  I  have  seen  was  the  history  of  the  use  of  snuff 
elicited  except  by  direct  questioning.  They  did  not  regard  snuff 
as  tobacco.    The  following  are  abstracts  of  rather  typical  cases: 
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Case  141,168. — C.  A.  Examination  September  14,  1915. 
Man,  aged  forty  years;  born  in  Non^^ay;  diamond-driller  in 
iron  mine.  He  had  pain  in  the  head,  dizziness,  etc. ;  gastric  trouble 
off  and  on  for  six  to  seven  years;  no  vomiting;  no  sourness  or 
gas;  heart-action  very  irritable;  constipation.  For  three  or  four 
months  he  had  "imagined"  things,  and  was  afraid  in  the  dark. 
His  face  and  general  appearance  indicated  deficient  mentality. 
It  was  diflScult  to  obtain  a  history.  His  words  were  muttered; 
cerebration,  slow  and  indifferent.  He  had  used  one  or  more  boxes 
of  snuff  a  day  for  seven  or  eight  years.  There  was  scarring  and 
ulceration  of  the  mucous  membrane  under  the  upper  lip,  where 
he  carried  his  snuff  pellet  (Fig.  258).  A  couple  of  weeks  after  he 
had  been  told  the  cause  of  his  trouble  and  advised  to  stop  the  use 
of  snuff  he  wrote  that  he  was  unable  to  sleep  and  asked  for  medicine. 


Fig.  258. — Ulcer  of  the  mucous  membrane  of  the  upper  h'p 

Case  141,541. — O.  M.  A.  Examination  September  20,  1915. 
Man,  aged  forty-seven  years;  born  in  Non^ay;  city  salesman  for 
wholesale  house.  He  complained  of  "shooting  pains  all  over, 
dizziness  and  stiff  legs,  indigestion,  rapid  heart,  nervousness,  and 
weakness."  He  stated  that  he  had  used  snuff  for  five  or  six 
years;  and  in  large  amounts  when  drinking  in  order  to  allay 
nervousness.  It  sometimes  made  him  feel  good  at  first,  but  dopy 
later.  After  he  began  to  take  the  "Copenhagen"  snuff  he  used 
less  tobacco.    He  started  the  habit  by  some  one  having  him  try  it. 

A  box  of  "Copenhagen"  a  day  equals  about  30  or  40  small 
drinks  of  whisky  a  day  to  the  habitual  user.  This  snuff  has  a 
flavor  different  from  other  varieties,  and  is  stronger. 
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There  is  much  similarity  in  the  symptoms  of  chronic  poison- 
ing in  these  cases.  The  snuflF  heart,  the  snuflF  indigestion,  and,  one 
might  say,  the  snuffed  mind  show  the  serious  effects  of  the  per- 
sistent use  of  the  drug.  Ladd^  quotes  statements  from  a  number 
of  physicians  to  whom  he  wrote.  They  all  severely  condemn  its 
use  and  believe  the  snuff  to  be  doped.  Their  observations  record 
the  irritable  heart,  which  Hielscher'  refers  to  as  the  "Copenhagen 
heart, "  precordial  pain,  muscular  weakness,  cold  sweats,  eyes  dull 
and  stupid,  destruction  of  the  mental  and  moral  fiber  until  self- 
respect  and  honesty  are  gone  and  the  animal  traits  are  in  full 
force.  Many  boys  from  eight  to  eighteen  years  of  age  are  said  to 
be  users.  In  an  effort  to  combat  what  Ladd  ^  calls  "  the  greatest 
evil  of  the  day,"  North  Dakota  has  passed  an  anti-snuff  law  pre- 
venting the  sale  of  snuff  in  the  State. 

"Copenhagen"  snuff  and  "Right  Cut"  chewing  tobacco  are 
produced  by  the  Weyman-Bruton  Company.  Each  box  has  a 
stamped  date.  The  users  will  not  purchase  old  snuff,  and  the 
dealers  do  not  sell  it  after  it  has  overrun  the  date  limit  on  the 
packages.  This  snuff  has  a  peculiar  odor,  and  is  a  moist,  brown- 
ish substance,  which  soon  dries  to  a  powder  when  exposed  to  air. 

Various  conjectures  have  been  made  as  to  the  presence  of  the 
foreign  substance  which  causes  the  intoxicating  effect.  Physicians 
who  have  observed  the  effect  believe  it  contains  "dope"  of  some 
sort;  but -whether  or  not  "Copenhagen"  snuff  is  "doped"  within 
the  scope  of  the  law  makes  little  difference  so  long  as  the  use  of  the 
mixture  produces  such  apparent  harmful  effects.  To  be  con- 
vinced of  the  increase  in  its  use  and  of  the  evil  effects,  one  has  only 
to  talk  to  the  dealers,  who  state  that  there  is  an  increasing  demand 
and  that  they  sell  it  chiefly  to  the  laboring  classes,  for  example, 
miners,  lumberjacks,  and  farmers.  One  dealer  in  our  own  city 
said  that  he  could  spot  nine  out  of  ten  of  the  snuff  users  when  they 
came  in  the  door.  He  had  sold  50  boxes  to  one  young  farmer  the 
day  before. 

Conclusions 

The  use  of  snuff  seems  to  be  on  the  increase.  There  is  sufla- 
cient  evidence  for  the  conclusion  that  its  use  in  appreciable 
amounts  undermines  the  physical,  moral,  and  mental  health. 
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The  nervousness,  impaired  health,  and  undermined  moral  fiber 
are  a  direct  economic  loss,  and  also  it  may  be  a  factor  in  imparting 
to  progeny  a  lowered  resistance  to  the  use  of  tobacco,  drugs,  alco- 
hol, etc. 

The  manner  in  which  the  snuflF  is  passed  from  one  individual  to 
another,  the  lack  of  external  signs  of  its  use,  and  the  lack  of  in- 
formation in  regard  to  its  deleterious  effects,  together  with  the 
active  selling  campaigning,  are  bound  to  cause  the  habit  to  spread 
and  increase. 

The  scarring  and  ulceration  of  the  gingival  and  buccal  mucous 
membranes,  with  the  long-standing  chronic  irritation,  make  these 
ulcerations  in  the  snuflF  chewers  probable  sources  of  future  trouble 
in  which  malignancy  may  be  considered.  It  is  to  be  hoped  that 
more  general  recognition  and  publicity  of  the  serious  effects  of 
the  use  of  snuff  will  result  in  antilegislation  to  drive  it  from  this 
State  and  all  other  States  where  it  has  a  foothold;  and  also  that 
publicity  will  serve  as  a  warning  to  other  States  not  yet  similarly 
affected. 
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THE  EXAMINATION,  PREPARATION,  AND 
CARE  OF  SURGICAL  PATIENTS  * 


CHARLES    H.    MAYO 


The  rapid  advances  made  in  medicine  during  the  past  three 
decades  have  necessitated  many  changes  in  the  methods  of  general 
examination  of  surgical  patients,  and  also  in  their  preparation  and 
after-care.  Reviewing  this  period  in  the  general  practice  of  medi- 
cine and  surgery,  it  appears  that  the  methods  which  have  sur- 
vived are  few,  and  simple  in  principle  and  application,  as  compared 
with  the  original  methods.     This  includes  all  antiseptic  surgery. 

In  medical  practice  there  has  been  almost  a  revolution  in  variety 
and  principles  since  we  have  come  to  understand  bacteria  and  the 
diseases  produced  by  them.  We  now  know  that  most  diseases 
arise  from  infection;  and  the  acute  condition  or  the  late  results  of 
it  are  being  treated.  Briefly,  the  newer  medicine  is  the  imder- 
standing  of  the  varying  stages  of  the  processes  of  infection,  of  the 
increased  or  lowered  body-resistance,  as  well  as  searching  for  the 
local  focus  and  aiding  in  its  elimination.  In  this  connection 
dentistry  and  diseases  of  the  nose  and  throat  have  received  much 
attention  in  the  study  of  local  foci  of  infections. 

In  regard  to  the  patient:  As  a  profession  we  are  probably  less 
acute  in  our  general  observation  than  was  the  practitioner  of  the 
old  school.  In  his  day  everything  depended  on  observation,  and 
apparently  no  little  thing  was  overlooked,  whereas  we  are  sup- 
ported by  many  laboratories  of  special  investigation.  While  it  is 
possible  in  the  present  day  to  acquire  a  general  survey  of  the 
practice  of  medicine  in  its  various  branches,  it  is  wholly  impossible 
for  a  physician  to  practise,  and  to  apply  unaided,  the  principles 

*Read  at  the  forty-seventh  annual  meeting  of  the  Minnesota  State  Medical 
Association  at  Rochester,  October  1,  1915.  Reprinted  from  the  Journal-Lancet, 
1916,  xxxvi,  1-3. 
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of  the  various  laboratories  and  recognized  specialties.  For  ex- 
ample, we  are  as  dependent  as  ever  on  tests  of  the  urine.  Reports 
of  albumin  and  casts,  while  intimating  diseased  kidneys,  do  not 
prove  them  essentially  diseased,  but  lead  the  physician  to  search 
for  the  irritant  in  an  acute  or  chronic  infection,  and  to  regard  the 
kidney  as  an  overworked  eliminating  organ;  therefore,  tests  of 
renal  efficiency  have  been  developed. 

Blood-examinations  are  not  considered  as  infallible  indications 
of  special  disease,  as  they  formerly  were,  but  the  count,  character, 
and  color-index  of  the  cells  are  of  great  value.  Blood-smears  and 
cultures  are  proving  necessary  to  identify  obscure  infective  condi- 
tions. 

Laboratories  for  the  study  of  bacteria,  the  preparation  of  vac- 
cines and  serums,  and  the  examination  of  intestinal  secretions,  are 
also  of  increasing  value.  Intestinal  parasites  and  bacteria  often 
are  found  the  cause  of  obscure  general  diseases  other  than  the  well- 
known  tropical  varieties.  In  the  laboratories  of  research  the  spe- 
cific effects  of  bacteria  on  animals  in  a  study  of  the  causes  of  ob- 
scure diseases  is  most  important. 

Radiography  is  invaluable  in  the  diagnosis  of  diseases  of  the 
alimentary  tract,  diseases  and  fractures  of  bones,  diseases  of  the 
lungs,  kidneys,  ureter,  and  bladder,  and  in  locating  foreign  bodies, 
stones,  etc.  Radiography  has  the  disadvantage  of  apparently 
being  always  correct  in  its  evidence,  and,  even  when  contrary  to 
the  clinical  findings,  it  is  too  often  accepted  as  correct.  Seldom, 
however,  should  a  single,  even  though  important,  factor  be  taken 
to  represent  the  true  condition,  but,  rather,  a  detailed  study  of  the 
various  essential  organs  of  the  body.  The  body  has  a  natural 
tendency  to  recover  from  disease.  This  is  fortunate,  since  we 
are  constantly  overlooking  conditions  of  which  timely  discovery 
would  save  much  suffering  and  possibly  life. 

The  electrocardiograph  is  of  value  in  designating  patients  with 
heart-muscle  changes  who  may  die  suddenly  during  the  first  few 
weeks  following  operation,  from  fibrillation,  instead  of  embolism, 
as  is  often  stated.  The  blood-pressure  is  also  of  value  in  showing 
the  elasticity  of  the  cardiac  muscle  and  blood-vessels.     Too  much 
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attention  is  paid  to  a  high  systolic  pressure  alone;  it  is  the  re- 
lationship of  the  systolic  and  diastolic  which  gives  the  clue  to  the 
condition.  Diastolic  pressure  110,  or  higher,  is  of  great  im- 
portance in  influencing  the  judgment  of  the  surgeon.  A  high 
blood-count  may  mean  diminution  of  fluid.  This  should  be  cor- 
rected if  possible.  Transfusion  of  blood  before  operation  is  rarely 
resorted  to,  but  in  extreme  anemia  from  recent  loss  of  blood,  either 
directly  after  operation  or  in  delayed  accidental  hemorrhages, 
shock  is  greatly  relieved  by  the  direct  transference  of  blood  to  the 
patient.  There  are  many  methods  of  transfusion,  the  former 
direct  methods  giving  way  to  the  indirect,  which  are  now  simple 
and  safe,  and  permit  the  transference  of  a  measured  quantity  of 
blood.  Hemolysis  is  a  factor  to  be  considered,  and,  unless  the 
urgency  is  great,  should  be  tested  between  the  donor  and  the  re- 
cipient. 

The  keynote  of  progress  in  the  twentieth  century  is  system  and 
organization — in  other  words,  "team-work."  This  factor  has 
been  very  noticeable  in  the  medical  progress  of  Germany,  where 
true  diagnostic  hospitals  have  been  established.  Such  hospitals 
conducted  by  the  State  through  the  medical  department  of  its 
university  would  be  of  enormous  value  to  the  public  and  the  med- 
ical profession  in  this  country.  Patients  from  all  over  the  State 
could  be  sent  by  their  home  physicians  to  this  hospital  for  diagnoses 
in  rare,  obscure,  and  complicated  diseases.  From  these  institu- 
tions patients  could  be  returned  to  their  home  physician  for 
medical  or  surgical  care,  with  recommendations  for  such  care,  or 
be  sent  to  special  sanatoriums,  or  medical  or  surgical  hospitals, 
as  indicated.  If  returned  to  the  home  physician,  included  in  the 
report  of  the  case  should  be  sent  references  of  the  latest  literature 
on  the  subject  and  information  of  where  such  could  be  procured. 
Unquestionably,  the  appropriation  for  such  an  institution  would 
readily  be  obtained  if  the  public  but  understood  the  value  and  sav- 
ing to  the  State  which  would  come  from  the  prevention  and  cure 
of  disease.  There  is  no  general  estimate  on  the  value  of  human 
life  as  compared  with  the  value  of  animals,  consequently  these 
facts  are  slower  in  being  generally  appreciated  from  a  purely 
monetary  standpoint. 
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The  starvation  diet  in  the  preparation  of  surgical  patients  has 
long  been  abandoned,  the  dangers  of  acidosis  being  nearly  as  great 
in  starvation  as  in  diabetes.  The  diabetics  are  accepted  as  a  risk, 
and,  except  in  emergencies,  are  always  given  preliminary  treat- 
ment for  their  general  condition,  endeavoring  to  maintain  the 
alkalinity  at  a  high  standpoint.  The  condition  of  children  is 
improved  by  sugar  and  other  glucose  foods. 

It  should  not  be  forgotten  that  treatment  aids  many  patients 
more  effectively  before  operation  than  after.  Those  who  are 
suffering  from  starvation,  loss  of  blood  due  to  acute  or  delayed 
obstruction  of  the  alimentary  tract,  should  have  a  two-stage  opera- 
tion when  possible.  For  example,  in  a  case  of  pyloric  tumor  with 
obstruction  the  body  fluids  should  first  be  restored  by  enemas, 
liquid  nourishment,  and  subcutaneous  injection.  Gastro-enteros- 
tomy  is  then  done;  and,  after  two  or  three  weeks,  when  the  patient 
is  greatly  improved,  a  pylorectomy  is  made,  both  operations  being 
accomplished  with  greatly  lowered  risk  to  life. 

Physics  are  less  freely  used  than  formerly.  Because  of  their 
great  depletion  of  the  body-fluids  and  the  fact  that  they  disturb 
rest,  laxatives  should  be  given  two  or  three  days  preceding  the 
operation,  instead  of  the  night  before. 

There  probably  has  been  no  more  noticeable  change  in  the 
preparation  of  patients  for  operation  than  that  of  preparing  the 
skin.  The  old  methods  of  applying  soap  poultices  for  several 
days  so  lowered  the  resistance  of  the  skin  to  germ  life  that  the  area 
for  operation  was  often  a  mass  of  pustules,  a  condition  seldom  seen 
in  emergency  operations.  The  present-day  method  of  iodin  ap- 
plication and  similar  rapidly  acting  agents  has  almost  eliminated 
such  infections.  With  these  superficial  cleansing  methods,  how- 
ever, much  care  is  used  to  protect  and  cover  the  skin  about  the 
incision  during  operation. 


The  After-care  of  Surgical  Patients 
More  attention  is  now  given  to  relieve  the  suffering  of  surgical 
patients,  at  least  during  the  first  and  second  days  after  operation. 
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by  opiates  and  sedatives.  These  are  not  carried  to  the  extent  of 
obscuring  the  pain  as  a  symptom  of  serious  complication.  Senn  is 
quoted  as  having  said  that  "when  the  last  suture  is  tied  in  abdom- 
inal surgery  the  fate  of  the  patient  is  sealed,"  a  saying  which  is 
not  true  to-day,  for  many  patients  are  saved  by  reopening  the 
abdomen  for  late  hemorrhage  or  for  obstructive  conditions  of  the 
aUmentary  tract.  Enterostomy  made  at  the  end  of  the  third  day 
from  the  commencement  of  obstruction  has  saved  many  lives;  if 
done  later,  the  results  are  not  so  successful.  Patients  in  poor  nutri- 
tional condition  may  be  tided  over  tempprary  periods  of  gastric 
paralysis  by  jejunostomy.  Dilatation  of  the  stomach  following  ab- 
dominal operations  is  more  common  than  was  formerly  supposed; 
however,  if  discovered  early,  it  may  not  be  serious.  If  patients 
are  not  doing  well,  even  if  they  do  not  complain  of  the  stomach,  a 
tube  should  be  passed.  Should  there  be  dilatation,  caused  by 
paresis,  the  stomach  should  be  emptied  every  six  or  eight  hours 
until  relief  is  obtained.  If  intestinal  obstruction  occurs,  it  may  be 
relieved  by  enterostomy  as  late  as  the  night  of  the  third  day  or  the 
morning  of  the  fourth. 

Primary  infection  now  rarely  occurs  in  clean  cases.  A  dry 
wound  with  a  light  dressing  held  by  adhesive  strips  is  the  rule. 
Delayed  infection,  formerly  attributed  to  catgut,  we  now  know  to 
be  frequently  caused  by  a  dead  space  in  which  a  blood-clot  has 
become  infected  by  bacteria  carried  through  the  vascular  system 
from  some  local  focus.  These,  however,  should  be  classed  among 
the  preventable  troubles.  Large  amounts  of  antiseptic  catgut, 
used  as  sutures  and  ligatures  in  a  limited  space,  become  a  menace 
from  the  chemical  irritation,  and  the  consequent  excessive  secre- 
tion, of  the  wound,  such  excessive  secretion  being  nature's  method 
of  washing  out  the  antiseptic  preparation  before  the  phagocytic 
activity  of  the  leukocytes  has  developed. 

Induration  of  the  wound  should  be  looked  for  in  patients  with 
slowly  rising  temperature  after  five  days,  and,  if  found  or  suspected, 
should  be  opened  by  puncture. 

Much  benefit  comes  from  the  intelligent  use  of  bacterial  serums 
and  vaccines  in  chronic  diseases.     If  not  effective,  they  are  not  so 
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much  to  be  discredited  as  is  their  preparation,  selection,  or  employ- 
ment. 

When  patients  are  compelled  to  remain  in  bed  for  a  long  time, 
they  should  be  turned  and  moved  as  much  as  possible.  They 
should  also  be  urged  to  keep  their  limbs  moving  as  much  as  their 
position  and  condition  permit,  which  aids  markedly  in  inhibiting 
muscular  weakness  occasioned  by  prolonged  rest. 

Getting  patients  out  of  bed  as  soon  as  possible  after  operation 
conserves  strength,  improves  the  mental  attitude,  prevents  the 
lowering  of  blood-pressure  and  the  change  in  the  heart-muscles, 
and  apparently  has  reduced  the  percentage  of  sudden  deaths  from 
embolism.  The  sooner  patients  can  be  removed  from  the  de- 
pressing influence  of  general  hospital  life,  the  more  rapid  their 
convalescence. 


ERRORS  IN  ANATOMIC  DEVELOPMENT: 
THEIR  CAUSE  AND  SURGICAL  SIGNIFI- 
CANCE * 

CHARLES    H.    MAYO 

Errors  of  development  are  always  of  exceeding  interest,  some 
of  them  because  of  rare  or  curious  features  of  the  deformity  and 
others  because  of  their  serious  or  fatal  import.  Only  when 
studied  in  large  numbers  does  one  find  these  deformities  occurring 
in  a  manner  so  regular  that  scientific  interest  in  their  causation  is 
aroused,  and  the  fact  is  quickly  appreciated  that  errors  of  develop- 
ment occur  in  the  cleavage-lines  of  advance  from  lower  to  higher 
forms  of  life. 

Many  anomalies  are  seen  in  domestic  animals;  those  occurring 
in  the  lower  forms  of  life  usually  perish  in  the  struggle  for  existence. 
Those  occurring  in  the  human  family  may  be  remedied  or  the  life 
of  the  individual  may  be  preserved  by  care.  The  superiority  of 
the  vertebrate  over  the  invertebrate  lies  in  the  extraordinary  de- 
velopment of  the  nervous  system,  and  for  one- third  of  the  gestation 
period  it  represents  one-half  of  the  body  growth.  The  change  of 
the  invertebrate  to  the  vertebrate  not  only  concerns  the  nervous 
system,  but  is  just  as  important  in  the  intestinal  system  and  in  the 
organs  of  nutrition  and  elimination.  Anomalies  of  these  structures 
which  represent  the  superiority  of  the  vertebrate  are  fraught  with 
the  most  serious  consequences. 

Of  much  less  serious  import  are  most  errors  associated  with 
variations  in  cirulation  that  are  not  primarily  incompatible  with 
Ufe.     This  is  also  true  of  errors  due  to  inclusion  of  the  elements  of 

*  Read  before  the  Clinical  Congress  of  Surgeons  of  North  America,  Boston, 
October  25,  1915.    Reprinted  from  Surg.,  Gyn.  and  Obst.,  1916,  xxii,  11-17. 
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the  skin  in  the  midline,  leading  to  the  development  of  simple 
dermoids  as  well  as  to  failure  of  union  of  the  branchial  clefts,  which 
represent  the  gills  of  the  fish  type. 

In  searching  for  cleavage-lines  in  the  process  of  development 
it  is  usually  easy  to  foUow^  changes  that  have  occurred  by  compar- 
ing animals  of  nearly  similar  types.  This  is  a  long  step  to  the 
development  of  man;  nevertheless  the  tracing  has  been  gradual 
and  the  gaps  filled,  so  that  the  missing  link  from  animal  to  man  is 
neither  mysterious  nor  so  far  removed  as  the  tracing  of  similar 
changes  among  lower  animals  of  the  distant  past  when  neiv  types 
which  still  persist  appeared  from  time  to  time.  This  has  been 
especially  true  in  the  great  change  from  invertebrate  to  verte- 
brate. All  progress  has  been  identified  by  such  changes  in  the 
predominant  species  of  any  period  which  has  enabled  them  to  live 
in  a  different  medium  and  to  be  sustained  by  different  nutrition. 
Thus  from  sea  life  came  the  amphibians,  in  some  of  which  the 
swim-bladder  changed  into  primitive  lungs;  others  respired  by  the 
skin.  Occasionally  changes  have  occurred  through  the  degenera- 
tion of  the  predominant  species;  in  this  manner  the  tunicata  de- 
veloped. 

In  a  consideration  of  the  causes  of  errors  of  development  it  is 
useless  to  study  the  changes  in  vertebrates  alone,  as  during  one- 
third  of  the  period  of  gestation  the  vertebrates  are  almost  alike 
in  their  development.  In  following  the  forms  of  life  from  the 
most  primitive  types,  it  is  seen  that  the  higher  only  have  oppor- 
tunities for  many  abnormalities,  and  that  man  has  the  greatest 
assortment,  since  abnormality  of  mind  must  be  included.  Conse- 
quently such  a  study  forces  the  student  back  to  a  consideration  of 
invertebrate  life. 

In  the  higher  invertebrates,  such  as  the  limulus,  the  peculiarity 
of  development  was  a  single  straight  gut  connected  with  a  cephalic 
stomach;  the  nervous  system  consisted  of  special  sense-organs, 
olfactory  and  optic,  the  supra-esophageal  nerve  ganglia  con- 
nected with  the  inf ra-esophageal  or  segmented  nervous  system  by 
the  esophageal  commissure,  the  latter  acting  similar  to  the  crura 
cerebri  of  man.    The  shell  or  chitinous  membrane  is  like  cartilage 
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in  man  and  so  also  is  the  comparison  of  glands  and  organs  of  special 
sense.  These  species,  having  a  nervous  system  which  surrounded 
the  gullet,  were  necessarily  limited  as  to  their  development  since 
the  greater  their  nervous  system  and  ability  to  find  and  catch  their 
prey,  the  less  their  ability  to  eat  it  and  they  became  the  blood- 
suckers. The  peculiarity  of  the  nervous  system,  however,  was 
such  that  it  grew  over  the  cephalic  stomach  exactly  to  conform 
with  the  growth  of  the  nervous  system  over  the  ventricles  of  the 
vertebrate  brain.  Between  the  collections  of  nerve-tissue  on  the 
cephalic  stomach  are  placed  masses  of  digestive  glands  which  re- 
semble the  cells  of  the  liver  and  pancreas.  In  these  higher  in- 
vertebrates the  digestive  action  is  limited  because  of  the  high 
type  of  food  ingested. 

The  invertebrate  has  a  nervous  system  in  front  of  the  intestine, 
while  the  vertebrate  is  characterized  by  having  the  intestinal  sys- 
tem in  front  of  the  nervous  system.  Some  students,  led  by  Hilaire,^ 
have  claimed  that  the  change  from  the  invertebrate  to  vertebrate 
required  that  some  lower  type  of  life  should  reverse  the  surface 
and  start  swimming  on  its  back,  the  ventral  becoming  the  dorsal, 
the  mouth  also  changing  position.  It  seems  impossible  to  ex- 
plain the  reversal  of  the  nervous  and  intestinal  systems  in  any 
other  way  unless  Bateson's^  simple  theory  is  accepted,  that  they 
developed  from  the  beginning  as  two  types,  one  with  the  nervous 
system  in  front  of  the  intestinal  tract,  the  other  behind.  The 
later,  more  tenable  theory  of  Gaskell '  has  grown  in  favor  and  ex- 
plains these  changes  along  lines  of  limitation  of  type  as  variations 
of  body-structure  necessitated  radical  changes  to  maintain  pro- 
gressive development. 

If  one  considers  the  structure  of  the  nervous  system  and  its 
ventricles,  the  central  or  neural  canal  and  its  terminus  in  the  first 
period  of  gestation,  he  will  find  that  it  is  almost  exactly  like  the 
cephalic  stomach  and  straight  gut  of  the  invertebrate.  The  in- 
fundibulum  as  a  tube  connects  the  third  ventricle  with  the  ventral 
surface  exactly  in  the  same  position  with  reference  to  the  spinal 
ganglia  and  special  sense-organs,  so  that  one  might  speak  of  this 
structure  as  an  esophagus  connected  with  the  cephalic  stomach; 
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while  at  the  caudal  extremity,  through  the  neuro-enteric  canal, 
it  is  connected  in  the  human  embryo  during  the  first  weeks  of  life 
with  the  rectum  just  above  its  outlet. 

The  gullet  of  the  invertebrate  disappeared  within  the  skull, 
taking  with  it  the  pituitary  gland,  the  area  thus  vacated  being 
marked  in  embryonic  life  by  a  pharyngeal  depression  called 
"Rathke's  pouch;"  this  marks  the  site  of  the  invertebrate  mouth. 
The  thyroid  went  down  through  the  tongue  to  its  cervical  loca- 
tion. Both  of  these  glands  had  to  do  with  development,  stature, 
nutrition,  and  sex. 

The  pituitary  did  not  develop  from  the  infundibulum  as  it 
exists  in  the  same  position  on  the  esophagus  of  the  invertebrate. 
In  the  region  of  the  infundibulum  and  of  the  hypophysis,  because 
of  developmental  change  or  reversion,  theoretically  should  be 
found  the  same  types  of  tumors  (that  is,  dermoids,  cysts,  and 
teratomas)  as  are  found  at  the  caudal  extremity  of  the  neural 
canal  which  has  also  lost  its  opening.  It  is  a  satisfaction  to  state 
that  such  have  been  reported  by  several  observers,  among  them 
Hecht,*  who  reported  a  dermoid,  and  Gushing^  a  dermoid  and 
cysts. 

By  such  change  the  cephalic  stomach  and  straight  gut  disap- 
peared to  become  the  ventricles  of  the  brain  and  neural  canal,  which 
necessitated  the  ventral  development  of  an  intestinal  system  and 
the  upward  and  backward  growth  of  the  segmented  nervous  sys- 
tem surrounding  the  spinal  canal.  The  neural  canal  in  the  human 
embryo  is  lined  by  a  single  row  of  ciliated  columnar  cells,  the  cilia 
of  which  disappear  at  the  third  month.  The  nerve-cells  are  ar- 
ranged in  regular  groups  over  the  cephalic  stomach  and,  becoming 
bunched  or  approaching  each  other,  infold  the  membranous  area 
between  them  which  becomes  the  choroid  plexuses.  In  the  lim- 
ulus,  the  highest  invertebrate,  the  membrane  between  these  groups 
of  nerve-tissue  is  covered  by  cell-bodies  which  resemble  those  of 
the  liver  and  pancreas  and  aid  in  the  moderate  digestion  required 
for  the  assimilation  of  very  highly  developed  food.  In  ammocoetes, 
the  lowest  vertebrate,  the  vestigial  remains  of  such  degenerated 
structure  are  seen  covering  a  portion  of  the  ventricles  between  the 
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gray  matter  and,  as  shown  by  Gaskell, '  enables  a  smalL  brain  to 
fill  a  cavity  otherwise  too  large  for  it.  The  cerebrospinal  fluid  is 
formed  as  a  secretion  of  the  choroid  plexuses  and  is  found  filling 
the  ventricles  and  neural  canal  in  the  third  month  of  the  human 
embryo,  which  shows  the  period  of  the  closure  of  these  spaces. 
This  fluid  passes  through  the  main  iters  which  connect  the  various 
ventricles  and  filters  through  the  thin  membranes  of  the  brain  and 
cord,  equalizing  the  pressure  at  all  points.  To  maintain  equi- 
librium of  pressure,  the  absorption  is  carried  on  by  the  pacchionian 
bodies  and  a  limited  lymphatic  system,  the  great  bulk,  however, 
being  carried  by  the  veins  of  the  arachnoid  space. 

An  increase  in  the  tension  of  the  cerebrospinal  fluid  may  be 
caused  by  loss  of  equilibrium  between  production  and  absorption 
of  fluid;  vestigial  remains  of  the  old  digestive  glands  of  the  cephalic 
stomach  might  be  stimulated  into  activity  by  chemical  irritants  or 
food.  This  increase  in  fluid  has  been  experimentally  produced  by 
blocking  certain  iters  and  by  the  injection  of  certain  irritants  into 
the  ventricles.  It  also  appears  through  the  growth  of  iumors. 
Treatment  of  the  axolotl  and  frogs  in  their  earliest  development 
with  0.7  and  0.6  per  cent,  salt  solution  seems  to  cause  the  frequent 
appearance  of  spina  bifida.  Spemann,*  by  suture-injury  of  lower 
forms  of  life,  created  double-headed  monsters.  Stockard^  re- 
peatedly caused  Cyclopean  monsters  to  develop  from  artificially 
fertilized  eggs  treated  with  magnesium  chlorid.  Mall  ^  reports  many 
examples  of  artificially  developed  monsters,  showing  that  monsters 
appear  from  interference  with  the  germ,  the  egg,  or  foetal  develop- 
ment. 

In  the  vertebrate  brain,  including  the  human,  a  pineal  body 
represents  the  vestigial  remains  of  the  third  eye  found  in  some  of 
the  invertebrates.  Cranium-fused  monsters  may  have  a  fused 
third  eye,  but  the  true  Cyclopean  eye  must  come  from  the  pineal 
body.  Such  monsters  are  rare  and  incompatible  with  life,  as  the 
cerebrum  is  necessarily  nearly  or  quite  missing. 

Inasmuch  as  all  life  originally  developed  in  sea  water  and,  as 
stated  before,  the  progress  in  the  development  of  animal  life  having 
come  from  its  ability  to  change  the  media  in  which  it  lived  by  a  new 
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development  or  change  in  its  structure,  one  can  readily  under- 
stand how  salt  solution  or  magnesia  might  inhibit  the  development 
of  that  structure  which  had  changed  to  enable  existence  in  a  differ- 
ent medium.  This  is  undoubtedly  one  of  the  reasons  why  sea 
life  leaves  the  medium  in  which  it  lives  to  spawn.  Salmon  are  a 
high  type  of  fish  and  they  spa^^  in  fresh  water;  theoretically, 
treating  their  eggs  with  sea  water  should  cause  errors  in  develop- 
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Fig.  250. — Diagrammatic  reconstruction  of  a  4.2  mm.,  human  embr>'o  viewed  from  the  right  side 
(adapted  from  a  model  by  His)     (Prentiss.  "Embryology"). 


ment  reverting  toward  the  parent  stock.  All  things  in  nature  have 
a  reason  for  their  occurrence,  and  this  is  undoubtedly  an  example. 
May  it  not  explain  the  action  of  the  parathyroid  bodies  that  are 
supposed  to  maintain  the  stability  of  the  mmeral  salts? 

Anomalies  of  development  of  the  spine  and  head  are  associated 
with  overproduction  of  fluid  or  its  escape,  as  seen  in  hydrocephalus 
or  anencephalus.     Midline  cranial  tumors  of  the  meninges  alone 
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or  including  brain  matter  are  seen  with  all  degrees  of  failure  to 
close,  even  the  entire  neural  canal  posteriorly  remaining  open. 
This  is  known  as  rachischisis — small  openings  with  protrusion  of 
membranes  or  including  portions  of  the  cord  down  to  the  spina 
bifida  occulta,  in  which  the  opening  and  protrusion  without  per- 
sisting tumors  prevented  the  development  of  bony  covering  during 
embryonic  life.  These  areas  are  marked  by  thickened  tissue,  in- 
cluding the  skin,  which  has  an  excessive  local  growth  of  hair. 


Fig.  200. — ^Reconstruction  of  a  5  mm.  human  embryo  showing  the  rntodermal  canal  and  its  deriv- 
atives (His  in  KoUmann's  "Hand  atlas")  (Prentiss,  "Embryology"). 


Formerly  these  conditions  were  attributed  to  failure  of  the  bony 
canal  to  close,  permitting  the  protrusion  to  occur;  but  they  are 
due  to  an  excessive  development  of  fluid,  with  protrusion  of  the 
membrane,  which  prevents  development  or  union  of  the  bony 
covering. 

Anterior  meningocele  is  rarely  seen.  Those  noted  have  usually 
been  in  females  and  have  caused  obstruction  of  the  alimentary 
canal  by  filling  the  pelvis.  Nearly  all  such  persons  have  died  when 
operated  on.     One  case  has  been  reported  from  our  clinic  with 
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recovery.  The  majority  of  spina  bifida  occur  in  the  lower  region 
because  of  the  late  closure  of  the  lower  end  of  the  neural  canal. 
These  may  be  pure  meningoceles  or  may  contain  also  cord  elements 
and  may  then  be  associated  with  varying  degrees  of  talipes,  oc- 
casionally accompanied  by  paralysis  of  the  sphincters.  Moore's* 
statistics  of  reported  cases  show  23  per  cent,  of  spina  bifida  to  be 
sacral,  34  per  cent,  lumbar,  29  per  cent,  lumbosacral,  4.5  per  cent, 
dorsal,  9.5  per  cent,  cervical,  and  two  cases  were  occipital. 

In  hydrocephalus  and  spina  bifida  more  careful  study  must  be 
made  of  the  choroid  plexuses  for  vestigial  remains  of  a  digestive 
apparatus;  also,  in  spina  bifida  and  rachischisis  the  central  canal, 
the  "area  meduUo-vasculosa "  of  von  Recklinghausen,  being  open 
and  having  the  appearance  of  mucous  membrane,  must  be  analo- 
gous to  the  invertebrate  intestine. 

In  the  earlier  development  of  the  vertebrate  the  nervous  s>'s- 
tem  is  much  longer  than  the  notochord  from  which  develops  the 
spinal  column  of  the  higher  vertebrates.  The  neuro-enteric  canal 
closes  in  the  third  week  of  gestation.  This,  with  some  of  the  p>oste- 
rior  rectal  tissue  and  its  own  nerve-tissue,  becomes  atrophied  to  a 
small  mass  known  as  the  coccygeal  body  at  the  end  and  inner  side 
of  the  coccyx,  which  is  often  the  center  of  true  or  neurotic  com- 
plaint. The  neural  canal  is  attached  to  the  posterior  surface  of 
the  coccyx  and  steadies  the  spinal  cord,  the  lower  neural  canal 
becoming  a  firm  filament  known  as  the  "filia  terminalis"  extend- 
ing from  the  coccyx  to  the  end  of  the  spinal  cord,  somewhere  be- 
tween the  first  and  third  lumbar  vertebrae.  The  filament  and  the 
Cauda  equina  are  produced  by  traction  from  the  rapid  growth  of 
the  spinal  column  which,  from  being  originally  shorter,  outgrows 
it  one-third. 

All  that  is  known  of  the  causation  of  talipes  has  been  the  asso- 
ciation with  lumbar  involvement  of  the  cord  by  varying  degrees  of 
spina  bifida.  To  make  progress  in  the  study  of  its  causation  the 
lumbar  enlargement  of  the  cord  must  be  examined  for  evidence  of 
increased  development  of  fluid  late  in  gestation  or  for  a  separation 
of  the  attachment  of  the  terminal  filament,  causing  undue  traction 
on  the  nerves  of  the  cauda  equina.     Spina  bifida  occulta  should  be 
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looked  for  in  talipes,  a  condition  in  which  a  beginning  spina  bifida 
would  be  sufficient  to  prevent  completion  of  the  bony  covering  of 
the  cord  and,  then  receding,  leave  an  adhesion  which,  from  the 
rapid  growth  of  the  spine,  causes  destruction  by  undue  stretching 
of  the  posterior  nerve-tracts  to  the  legs. 

The  roentgen  ray  will  show  these  bony  deficiencies  and  surgery 
may  yet  have  much  in  store  for  these  sufferers  in  the  way  of  divid- 
ing bands  and  freeing  adhesions.     Work  along  this  line  has  been 
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Fig.  261. — Median  sagittal  dLt^eotion  of  a  pig  embryo  of  6  mm.  to  show  viBoera  and  neural  tube 
(Prentias,  "Embr>'ology"). 


done  by  Jones  ^*^  and  by  Sever."  In  this  connection  scoliosis  in 
theory  should  be  due  to  a  failure  of  proper  development  of  the 
notochord  from  which,  by  segmentation,  spring  the  bodies  of  the 
vertebrae.  This  may  be  intrinsic  or  due  to  faulty  development  of 
the  segmented  nerves  which  surround  the  neural  tube. 

Dermoid  tumors,  sacrococcygeal  in  type,  are  very  common  and 
are  caused  by  the  rapid  growth  of  the  spinal  column  producing 
traction  on  the  neural  canal  which  originally  reached  to  the  skin 
of  this  region.     Here  also  are  found  the   teratomas    from    the 
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coccygeal  body.  These  tumors  contain  mucous  membrane  from 
the  post-anal  bowel,  nerve-tissue  from  the  neural  tube,  bone  and 
cartilage  from  the  coccyx,  and  various  inclusions  of  surrounding 
tissue.  Some  of  them  have  mucous  cysts  lined  with  ciliated  epi- 
thelium from  the  neural  tube,  showing  the  misplacement  of  tissue 
to  have  occurred  before  the  third  month  of  gestation. 

In  the  development  of  the  new  intestinal  system  from  the  yolk- 
sac  it  divides  into  fore,  mid,  and  hind  gut.    At  the  pharyngeal  end 
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Fix.  262. — Lateral  dissection  of  a  10  mm.  pig  embryo  showing  the  viscera  and  nervous  sytitem  from 
the  right  side.  The  eye  has  been  removed  and  the  otic  vesicle  is  represented  by  a  broken  line.  The 
ventral  roots  of  the  spinal  nerves  are  not  indicated  (Prentiss,  "Embryology"). 

this  divides  into  an  esophagus  and  respiratory  system.  At  an 
early  period  in  the  cavity  of  the  stomatodeum  (developing  mouth 
and  pharynx)  the  pharyngeal  end  is  closed  by  a  membrane  of 
entoderm  and  ectoderm  separating  the  esophagus  and  trachea 
from  the  pharynx.  This  disappears  about  the  fifteenth  day,  its 
persistence  being  almost  unknown.  In  this  region  are  found  cer- 
tain failures  of  union  of  the  gills  or  branchial  arches  and  fissures, 
causing  harelip,  cleft  palate,  branchial  cysts,  and  similar  defor- 
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mities.  The  thyroid,  passing  between  the  three  portions  of  the 
tongue  in  its  development,  comes  to  rest  astride  the  trachea  below 
the  cricoid  cartilage,  and  its  anomalies  consist  in  the  remains  of  all 
or  part  of  it  in  its  Ungual  position  and  in  the  separation  of  em- 
bryonic pharyngeal  mucosa,  causing  midline  thyroglossal  duct- 
cysts.  These  are  located  about  the  hyoid,  often  passing  through  a 
small  opening  in  its  body  over  or  under  it  to  a  pocket  behind. 
They  tend  to  recur  after  operation  unless  searched  for  and  removed. 
At  the  caudal  end  of  the  body  there  is  a  most  interesting  group 
of  anomalies.  In  early  fetal  life  the  developing  bladder  and 
rectum  are  one.  The  anterior  portion  of  the  cloacal  cavity  con- 
sists of  the  allantois  and  Wolffian  ducts,  from  which  are  developed 
the  sex  organs  and  the  urinary  collecting  system.  The  kidney- 
secreting  substance  extends  as  mesothelial  bodies  or  nephrogenic 
tissue  from  lower  dorsal  down  to  the  second  sacral  vertebra.  They 
lie  close  together,  with  the  aorta  between.  This  3ubstance  is  sup- 
plied by  many  blood-vessels  derived  from  a  delicate  plexus  sur- 
rounding and  connecting  with  the  aorta.  From  a  pouch  which 
early  appears  from  the  lower  portion  of  the  Wolffian  duct  are  de- 
veloped the  ureter  and  pelvis  of  the  kidney.  This  collecting  por- 
tion becomes  attached  to  the  secreting  portion  by  climbing  up  the 
ladder  of  the  blood  supply,  so  to  speak,  of  the  nephrogenic  sub- 
stance. The  numerous  blood-vessels  drop  oflF  and  enlarge  as  the 
pelvis  of  the  kidney  ascends  to  its  higher  position,  and  the  se- 
creting substance  arranges  itself  over  it  and  forms  a  capsule.  The 
two  mesothelial  bodies  may  touch  each  other  and  become  fused, 
developing  the  horseshoe  kidney  or  various  attachments,  90  per 
cent,  of  the  horseshoe  kidneys  being  fused  at  the  lower  pole. 
Some  of  the  mesothelial  or  secreting  portion  of  the  kidney  may  not 
become  connected  with  the  collecting  portion,  and  may  then  retain 
its  embryonic  type,  forming  a  mesothelial  rest  from  which  may 
develop  so-called  "hypernephroma,"  or,  more  correctly,  meso- 
thelioma of  the  kidney  (Wilson^^)  j^  other  cases  a  failure  of  con- 
nection between  the  secreting  portion  with  the  collecting  cavity 
and  continuance  of  secretion  without  elimination  form  a  congenital 
cystic  kidney,  usually  double. 
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Wherever  the  kidney  stops  in  the  process  of  union  of  collecting 
and  secreting  portions,  its  renal  artery  develops  from  the  major 
supplying  it  at  the  time.  As  growth  continues,  the  delicate 
vascular  plexus  outside  the  aorta  disappears  and  the  renal  artery 
comes  directly  from  the  aorta;  but  owing  to  change  in  position 
it  may  come  from  a  lower  position  on  the  aorta,  the  sacral  artery,  or 
from  the  common  iliac.  The  malposition  of  the  kidney  is  not  so 
serious  if  it  can  but  carry  on  its  function,  but  malposition  may  lead 
to  injury.  Excessive  mobility  is  not  a  disease  unless  the  renal 
function  is  interfered  with  or  the  kidney  in  its  movements  dis- 
turbs some  other  organ;  thus  the  movable  right  kidney  may  dis- 
turb a  diseased  appendix,  the  appendix,  however,  being  the 
primary  offender.  MobiUty  may  interfere  with  urinary  delivery 
by  kinking  the  ureter  over  a  band  of  connective  tissue  or  an 
anomalous  artery  which  occasionally  is  seen  connecting  the  lower 
pole  of  the  kidney  with  the  aorta,  one  of  the  original  mesothelial 
vessels  which  failed  to  disappear.  One  kidney  may  be  missing 
from  a  failure  of  development  of  the  mesothelium — the  secreting 
structure.  Three  or  four  kidneys  may  be  present  with  three  or 
four  complete  ureters  or  partial  ureters.  SpUtting  the  collecting 
portion  at  the  Wolffian  duct  causes  double  ureters  and  fused  or 
separated  double  kidneys  on  one  or  both  sides.  The  division  of 
the  pelvis  into  several  tubes  connecting  with  one  or  two  ureters  is 
normal  in  the  otter  and  beaver. 

Occlusion  and  constriction  of  the  urethra  occasions  various 
forms  of  maldevelopment  in  the  male  known  as  hypospadias  and 
epispadias,  with  terminology  according  to  the  extent  and  character 
of  the  cleft  and  the  location  of  the  external  opening  of  the  luethra. 
Slight  malformations  of  the  terminal  portion  of  the  urethra  are 
not  uncommon.  Exstrophy  of  the  bladder,  hypospadias,  and 
similar  deformities  are  undoubtedly  caused  in  a  manner  similar 
to  spina  bifida,  by  secretion  at  an  early  period,  the  blockage  of 
exit  causing  a  like  separation  of  bone  from  interposed  tissue  and 
in  exstrophy  of  the  bladder  preventing  the  formation  of  the  pubic 
arch.  Persistence  of  allantois  with  but  partial  development  of  the 
urachus,  causing  a  secondary  bladder  or  cyst  between  the  um- 
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bilicus  and  the  normal  bladder,  is  occasionally  seen.  During  this 
time  the  cloaca  is  being  divided  by  a  partition  into  rectum  and 
bladder,  and  the  proctoderm  forming  the  anal  depression  should 
join  the  lower  rectum.  The  latter  process  sometimes  fails  of  com- 
pletion, the  anus  remains  imperforate,  or  the  rectum  is  connected 
with  the  bladder  of  the  male  or  the  genital  passage  of  the  female 
through  the  cloacal  connection. 

From  the  paired  manner  of  its  origin,  the  uterus  may  fail  of 
development  into  a  single  body,  each  half  remaining  a  separate 
organ  or  becoming  partially  fused  and  connected  with  its  ovary  and 
tube.  The  genital  passage  also  may  be  double  or  single  in  associa- 
tion with  such  deformity,  all  of  which  conditions  are  normal  in 
various  vertebrates.  There  may  be  absence  or  atresia  of  the  gen- 
ital passage,  causing  retained  secretions  within  the  distended 
uterus.  Rarely  all  the  genital  structures  except  those  connected 
with  the  ectoderm  may  be  missing  in  the  female.  In  the  male  the 
generative  glands  may  be  missing  on  one  or  both  sides.  They  may 
remain  within  the  abdomen  or  may  be  arrested  at  any  point  in  the 
canal  during  their  descent.  The  gubemaculum  is  probably  not 
an  active  structure,  but  merely  steadies  the  generative  glands  while 
the  body  and  limbs  grow  away  from  them. 

In  the  caudal  region  are  developed  higher  forms  of  dermoids 
than  those  of  inclusion  of  skin.  Such  tumors  have  bone  and  tooth 
formation  with  hair  and  skin,  and  are  considered  to  have  arisen 
from  blastomeres  by  some  investigators;  from  fertilized  polar 
bodies  or  fertilized  but  imperfectly  developed  ova  included  within 
a  normal  one  by  others.  There  are  also  the  theory  of  totipotent 
cells,  and  Shattuck's*'  theory  that  ovarian  dermoids  arise  from  a 
transmission  of  the  fertilization  to  fetal  cells  in  the  developing 
ovary  of  the  embryo. 

In  its  early  development  the  large  bowel  lies  wholly  on  the  left 
side  of  the  spine,  and  rotates  around  the  superior  mesenteric 
artery  as  an  axis,  the  cecum  at  the  third  month  being  under  the 
stomach,  later  under  the  liver,  and  finally  to  the  right  iliac  fossa. 
The  surgical  importance  of  this  is  that  all  the  important  blood- 
vessels and  nerves  are  on  the  inner  leaf  of  the  mesentery;  the  outer 
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can  be  freely  divided.  All  of  the  large  bowel  may  remain  on  the 
left  side  of  the  spine  through  failure  of  rotation,  or  the  cecum,  by 
partial  rotation,  may  come  to  rest  at  any  position  between  the  right 
iliac  fossa  and  its  place  of  origin.  This  is  of  importance  when 
appendicitis  occurs  in  such  conditions.  Because  of  the  late 
descent  of  the  cecum,  fetal  membranes  develop  over  it  and  about 
the  ileocecal  valve.  Rotation  may  involve  the  mesentery  of  the 
small  bowel,  causing  extensive  strangulation,  as  shown  by  Keith." 

Persistence  or  failure  of  absorption  of  the  union  of  the  bowel 
with  the  cord  as  developed  from  the  yolk-sac  causes  the  various 
forms  of  Meckel's  diverticulum.  When  adherent,  these  diverticula 
are  a  source  of  danger  because  of  their  liability  to  cause  intestinal 
obstruction  from  loops  of  bowel  becoming  strangulated  beneath 
them. 
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INFECTION  A  CAUSE  OF  LOCAL  AND 
GENERAL  DISEASE  * 


CHARLES    H.    MAYO 


For  the  past  ages  of  which  there  is  any  record,  medicine  has 
always  been  surrounded  by  more  or  less  mystery,  in  some  periods 
and  among  many  people  being  closely  associated  with  whatever 
religion  or  form  of  worship  then  held  by  them.  Unfortunately, 
much  superstition  is  still  connected  with  the  science  in  the  minds  of 
many.  When  one  reviews  the  past  of  medicine,  what  little  has 
been  preserved  of  the  writings  of  the  earliest  medical  men  whose 
names  are  honored  shows  a  remarkable  insight  into  the  practical 
side  of  life.  The  delicate  surgical  instruments  recently  excavated 
at  Pompeii  show  that,  two  thousand  years  ago,  men  were  capable 
of  inventing  and  using  them.  Skulls  from  four  to  six  thousand 
years  old  show  round  and  square  trephine  openings,  and  this  is 
true  of  the  skulls  of  certain  mummies  two  thousand  years  old 
found  in  Peru  and  southern  Central  America. 

From  observation  and  autopsy  the  practice  of  medicine  has 
developed,  but  as  people  often  died  of  complicating  or  intercurrent 
disease,  it  was  then  too  late  to  complete  the  records,  and  deductions 
were  not  always  correct.  Medical  men  of  the  past  were,  of  neces- 
sity, keener  observers  of  their  patients'  symptoms  than  the  physi- 
cians of  the  present,  since  everything  depended  on  such  obser- 
vations. Slight  symptoms,  seemingly  almost  unimportant  as' 
thought  of  today,  were  to  them  like  straws,  showing  the  direction 
of  the  wind. 

When  surgery  of  the  head,  chest,  and  abdomen  became  possible, 

*  Abstract  of  paper  read  before  the  Chicago  Medical  Society,  November  17, 
1915. 
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and  sight  and  touch  could  aid  our  investigation  in  the  living,  the 
science  of  medicine  advanced  by  leaps  and  bounds,  and  this  has 
come  within  a  generation.  During  the  last  one  hundred  years  more 
than  twenty  years  have  been  added  to  the  average  length  of  human 
life;  twelve  of  these  years  have  been  added  during  the  last  three 
decades.  The  Public  Health  Service  has  had  much  to  do  with 
this  advancement,  through  its  campaign  of  education  in  hygiene 
and  the  so-called  "preventive  medicine."  As  a  result,  there  has 
been  a  great  reduction  of  mortality  in  children,  and  consequently 
more  people  coming  to  middle  age,  which  is  a  very  important  factor 
in  the  reported  increase  in  the  occurrence  of  cancer.  There  is 
also  an  enormous  number  of  people  saved  by  surgery  as  compared 
with  one  hundred  years  ago. 

Vaccination  against  smallpox  has  been  employed  for  centuries 
in  India  and  China;  it  was  accidentally  discovered  and  empirically 
used.  The  first  record  of  its  application  in  Europe  was  in  Belgrade, 
Serbia. 

Lister  did  not  develop  the  theories  of  germ  life,  but  he  was  the 
first  man  of  note  to  grasp  the  wonderful  importance  of  Pasteur's 
work  and  apply  it  to  surgery.  While  his  methods  were  compli- 
cated and  crude,  they  served  their  purpose  and  stimulated  thought 
on  the  subject.  Many  of  the  methods  were  soon  replaced  by  simple 
and  more  effective  ones,  making  possible  the  ever-increasing  de- 
velopment of  surgery  and  bringing  the  eye  to  our  aid  in  viewing 
disease  conditions  in  the  living,  supported  by  the  microscope  in  the 
study  of  the  invisible. 

How  curious  it  is  that  Hahnemann  and  his  school  came  so  near 
these  great  discoveries  and  just  missed  them  in  their  doctrine  of 
simUia  similibus  curantur.  Their  efforts  were  bent  in  the  right 
direction,  but  were  limited  to  the  use  of  drugs  which  modern  medi- 
cine is  reducing  to  but  few  in  number,  as  compared  with  the  past, 
and  these  having  definite  effects  on  the  circulation,  the  nerves,  and 
the  body  secretions.  The  whole  trend  of  medicine  has  turned  to- 
ward a  study  of  methods  of  repair  of  the  body  tissues  and  fluids, 
all  efforts  being  made  to  favor  the  development  of  resistance. 
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How  glorious  was  the  death  of  the  men  who  lost  their  lives  in  a 
study  of  those  bacteria  which  lived  for  a  time  in  an  inter- 
mediate host,  and  how  simple  now  is  the  prevention  of  such  diseases 
as  yellow  fever  and  malaria  by  the  destruction  of  the  mosquitos 
and  shutting  them  out  by  a  screen,  the  control  of  typhus  fever  by 
mere  body  cleanliness  in  keeping  free  from  vermin,  and,  where 
cleanliness  is  impossible,  as  in  war,  by  the  use  of  serums.  The 
antityphoid  serum  has  proved  of  enormous  value  in  the  prevention 
of  disease  by  developing  an  immunity  against  the  dangers  of  im- 
pure water  to  which  travelers,  and  especially  soldiers,  are  neces- 
sarily exposed. 

The  next  advance  was  the  realization  that  the  germs  of  disease 
actually  live  in  the  blood,  which  was  appreciated  in  the  past  as 
occurring  only  in  pyemia  and  septicemia.  A  drop  of  blood  from 
the  ear  in  pneumonia  cases  cultured  early  in  the  disease  will  show  a 
pneumococcus  growth  almost  as  soon  as  the  disease  can  b^  surely 
identified  by  ordinary  methods,  and  more  surely  in  the  obscure 
cases.  Warfare  on  bacteria  which  float  freely  in  the  blood  is  ex- 
ceedingly difficult,  except  as  it  is  carried  on  in  the  peripheral  cir- 
culation and  in  the  local  areas  where  the  disease  is  active,  and  which 
we  identify  as  the  local  manifestation  peculiar  to  typhoid,  pneu- 
monia, measles,  smallpox,  or  other  diseases. 

Where  did  the  next  advance  in  medicine  come  from?  It  came 
from  the  results  of  the  work  of  such  research  investigators  as  Rose- 
now,  who  has  proved  conclusively  that  many  or  most  of  the  so- 
called  local  diseases,  such  as  appendicitis,  cholecystitis,  and  ulcers 
of  the  stomach,  are  bacterial  in  origin,  and  that  the  attack  on  the 
mucous  membrane  is  not  on  the  surface,  but  through  the  blood  as 
a  destructive  infarct,  the  bacteria  being  carried  by  the  circulation 
to  the  base  of  the  mucous  glands — ^the  unprotected  rear,  so  to 
speak.  These  conditions  can  be  experimentally  reproduced.  For 
example,  after  removal  of  an  appendix  filled  with  pus  a  culture  is 
made  which  shows  colon  infection,  the  appendix  is  opened,  washed, 
seared. in  a  flame  to  destroy  surface  bacteria,  crushed  or  ground  to 
a  fluid  state,  and  a  culture  from  this  material  will  often  show  a 
diplococcus  or  streptococcus  as  the  real  cause  of  the  disease,  the 
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exudation  from  which  had  become  inoculated  by  the  colon  bacillus 
to  which  it  was  freely  exposed.  This  culture  injected  into  the  veins 
of  one  of  the  few  animals  having  an  appendix,  the  rabbit,  will  in 
two-thirds  of  them  produce  lesions  in  the  appendix,  such  as  hemor- 
rhages, erosions,  and  various  forms  of  destruction  of  the  mucous 
membrane.  In  nearly  one-third  of  the  animals  there  will  be  no 
change,  the  bacteria  being  destroyed  or  eliminated  before  reaching 
the  location  of  this  particular  environment.  In  those  in  which 
there  is  a  result,  the  appendix  is  the  organ  most  commonly 
involved,  though  not  necessarily  the  only  one,  as  in  some 
there  would  be  infarcts  of  the  kidney,  effusion  in  the  joints, 
and  myocardial  changes  as  various  side  lines  of  associated  inflam- 
mation. This  is  true  of  diseased  gall-bladders  and  excised  ulcers 
of  the  stomach  and  duodenum,  as  well  as  joints  in  rheumatism. 
That  these  infections  are  variable  and  multiple  is  explained  by  the 
studies  in  rheumatism  and  reproduced  rheumatism.  The  pneu- 
mococcus  and  Streptococcus  hcemolyticus  and  Streptococcus 
rheumaticus  and  Streptococcus  viridans  have  been  made  by  Rose- 
now  to  change  or  transmute  from  one  to  another  by  changing  their 
environment.  This  greatly  simplifies  our  study  of  bacteria  and 
our  appreciation  of  disease,  both  general  and  local,  as  by  it  we 
accept  the  fact  that  the  pathogenic  bacteria  of  varying  degrees  of 
virulence  have  their  selective  affinity  because  the  tissues  involved 
afford  an  environment  similar  to  that  from  which  they  came.  It 
may  soon  be  proved  that  diseases  of  the  nerves,  like  sciatica,  tic 
douloureux,  herpes,  neuralgias,  and  similar  disease  arise  from  bac- 
teria distributed  by  the  blood  from  small  foci  of  infection  more  or 
less  under  tension,  as  in  the  tonsil,  at  the  root  of  teeth,  or  a  blocked 
nasal  sinus. 

Relapses  occur  from  the  chronic  character  of  the  trouble,  which 
break  down  instead  of  increase  the  immunity,  as  anaphylaxis. 
Through  the  occasional  slight  delivery  of  these  toxins  there  is  an 
increase  or  relapse  in  the  local  manifestations,  just  as  is  seen  in  a 
local  tuberculous  process  from  the  use  of  tuberculin  in  an  effort 
to  increase  tissue  resistance.  In  this  line  should  be  included  the 
infections  of  the  respiratory  tract,  such  as  asthma,  pneumonia. 
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and  lesions  of  the  valves  of  the  heart.  In  asthma  wonderful  suc- 
cess has  been  reported  from  the  removal  of  local  foci  of  disease 
affecting  the  respiratory  tract.  From  open  surface  infections,  such 
as  pyorrhea,  open  diseased  tonsil  crypts,  open  sinuses,  and  bacteria 
absorbed  from  the  large  bowel  come  rheumatoid  troubles  and  joint 
deformities.  It  has  been  proved  too  often  to  be  a  mere  coincidence 
that  the  therapeutic  elimination  of  bacteria  from  the  large  bowel 
or  the  removal  or  short  circuiting  of  large  sections  of  the  colon  in 
constipation  has  produced  wonderful  results  in  the  cure  of  rheuma- 
toid arthritis.  Years  ago  MetchnikoflF  stated  that  he  thought 
the  large  bowel  was  a  mistake,  and  that  human  life  would  be 
lengthened  by  its  removal,  stating  that  the  toxins  of  its  bacteria 
was  a  cause  of  endarteritis,  and  that  it  probably  had  more  to  do 
with  advancing  age  than  time. 

The  reports  of  research  work  by  foreign  investigators,  especially 
that  of  Poynton  and  Paine,  most  of  which  has  been  based  on 
autopsy,  and  in  our  country  the  numerous  investigators,  such  as 
Dick,  Davis,  and  others,  in  several  fields  of  research,  and  especially 
the  work  of  Rosenow  in  these  lines,  have  marked  a  definite  path 
for  the  future  of  medicine.  We  have  long  and  vaguely  connected 
certain  inflammations  of  the  iris  with  rheumatic  troubles,  more 
directly  have  associated  certain  inflammations  with  gonorrheal 
toxins,  the  direct  connection  being  evident,  and  it  has  long  been 
said  that  lues  may  simulate  almost  any  disease  and  affect  all  the 
tissues  of  the  body;  thus  obscure  lesions  have  often  been  attributed 
to  this  cause.  We  now  know  that  the  specific  living  bacteria 
starting  from  a  central  focus  traveling  in  the  vascular  system  makes 
secondary  deposits  in  these  various  tissues  of  the  body  according 
to  their  affinity.  The  side  lines  of  involvement  are  due  to  some 
variation  in  culture  of  apparently  specific  types  of  bacteria,  but 
the  main  or  essential  manifestations  can  be  reproduced  in  the 
animals  over  and  over,  showing  a  definite  percentage  of  localiza- 
tions in  similar  tissues  from  cultures  carried  from  man  to  animal. 
Rosenow  is  able  to  induce  inflammations  in  the  appendix  of  rabbits 
from  strains  of  human  appendicitis  in  68  per  cent,  of  68  rabbits 
injected.     From  strains  grown  from  ulcers  of  the  stomach  and  duo- 
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denum,  inflammations,  hemorrhages,  and  ulcers  were  developed 
in  75  per  cent,  of  103  animals  injected,  while  bacteria  grown  from 
inflammations  of  the  gall-bladder  produced  lesions  of  the  gall- 
bladder in  80  per  cent,  of  41  animals  injected.  Of  course,  many 
side  lines  of  infection  were  also  seen.  These  are  but  a  few  of  the 
many  diseases  that  we  have  long  considered  local  entities,  and 
which  now  must  be  classed  as  a  result  of  secondary  lesions  derived 
from  a  small  original  focus  some  place  in  the  body.  As  to  the  local 
foci  of  infection,  there  have  been  found  nearly  60  varieties  of 
bacteria  in  the  mouth :  normally  there  may  be  but  a  few  to  a  dozen 
types.  We  have  about  the  teeth,  pyorrheas,  cavities,  blind  or 
apical  pockets,  open  crypts,  or  buried  pockets  in  tonsils  where 
bacteria  are  commonly  harbored.  Such  tonsils  are  not  necessarily 
enlarged;  teeth  with  apical  pockets  may  have  no  pain  and  look 
normal,  but  the  roentgenogram  will  show  these  cavities  very  dis- 
tinctly. The  strains  of  bacteria  delivered  to  the  vascular  stream 
may  in  one  case  affect  the  iris  oj*  cause  retinal  hemorrhages,  in 
another  cause  ulcer  of  the  stomach  or  duodenum  or  cholecystitis 
or  appendicitis,  a  Fallopian  tube  inflammation,  or  a  joint  involve- 
ment. As  known  in  man  and  proved  in  animals,  one  or  two 
secondary  foci  of  infection  may  be  derived  from  the  same  strain 
which  would  necessitate,  under  present  conditions  of  examination, 
the  patient  beiilg  required  to  visit  specialists  in  the  various  fields 
of  medicine,  while  a  good  dentist  or  throat  specialist  would  have 
cared  for  the  local  focus  and  effected  a  cure  unless  the  secondary 
lesion  had  produced  local  destruction  of  tissue,  resulting  in  perma- 
nent impairment  of  function.  How  long  are  we  to  continue  to 
talk  about  uric  acid  in  rheumatism.'  The  crying  need  today  is  for 
more  diagnosticians  and  better  team  work  in  diagnosis  hospitals. 
We  have  been  too  long  dealing  with  end  results  of  local  foci  of 
infection  as  entities  as  a  result  of  erroneous  deductions  from  au- 
topsies, instead  of  a  study  of  disease  conditions  in  the  living. 
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VI.    FACTS  VERSUS  SPECULATION  IN  THE  PROFES- 
SIONAL CONCEPTION  OF  CANCER* 
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That  there  is  an  unsettled  condition  of  the  professional  concep- 
tion of  cancer  and  that  this  condition  is  the  result  of  incomplete 
observation  and  speculation,  are  perfectly  clear  to  any  student  who 
has  carefully  compiled  the  literature  on  the  subject. 

The  cancer  problem  involves  four  distinct  considerations :  first, 
the  question  of  how  cancer  develops  (histogenesis),  second,  why 
cancer  develops  (etiology),  third,  how  cancer  can  be  prevented 
(prophylaxis),  and  fourth,  how  can  cancer  be  cured  after  it  has  de- 
veloped (therapeutics).  The  discussion  in  this  pai)er  will  deal 
only  with  the  first  of  these  four  questions,  namely,  the  histogenesis 
or  development  of  cancer. 

Perhaps  the  best  method  of  realization  of  the  chaotic^  concep- 
tion, which  undoubtedly  exists,  is  to  review  the  published  expres- 
sions which  are  utilized  to  explain  cancer  and  other  tumors.  Thus 
we  find  the  development  of  tumors  spoken  of  as:  An  inherited 
pathologic  quality  of  cells;  a  failure  of  cells  to  differentiate;  a 
disturbance  of  the  idioplastic  formation  of  cells;  the  fornmtion  of 
a  "new  race  of  cells";  a  prenatal  separation  of  cells;  a  |K>struitai 
separation  of  cells;  a  primary  inherited  cliange  in  the  nature  of 
cells;  a  change  in  the  biologic  lieliavior  of  cells;  a  product  of  coa- 
nective-tlssue  senility;  a  sj>ecific  tumor  dtatliesis;  a  nutritional 
disturbance  of  the  equilibrium  of  vegetative  and  functional  cell 

*  Read  before  the  Joint  Session  <A  Hcieatifife  Knr'lioaii,  8tsite  M«^icaJ  XanodM,- 
tkm  of  Texas,  Fort  Worth.  hUy  5,  1915.  Repriot4^  from  Texa«  Btate  Journal 
of  Medkane,  1915,  zl  1^5-IW. 
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power;  a  change  between  the  relation  of  nerves  to  cells;  a  reduc- 
tion of  the  avidity  of  the  body-cell;  a  primary  emancipation  of 
cell  growth  from  the  normal  laws  of  growth;  as  cellular  atavism; 
a  return  to  the  embryonic  condition  of  cells;  an  inherited  or  ac- 
quired intracellular  abnormal  metabolism;  a  cessation  of  the 
regulating  growth  influences  of  cell  differentiation;  a  heteroplastic 
change  of  the  fixed  connective-tissue  cells;  a  prenatal  separation  of 
cells;  as  congenital  anlagen;  a  release  of  the  organic  connection  of 
cells;  a  separation  of  germinal  cells;  an  embryonic  separation  of 
cells;  a  shunting  of  germ-cells  from  their  normal  relations  without 
misplacement;  superfluity  in  the  development  of  cells  or  tissues; 
as  separated  germ-cells;  misplacement  of  cells,  and  an  abnormal 
persistence  of  embryonic  cells.  This  multiplicity  of  explanations 
in  itself  indicates  dissatisfaction  with  the  lack  of  accurate  or  scien- 
tific knowledge  which  we  possess  relative  to  the  condition. 

The  three  fundamental  things  in  life  which  make  that  which 
we  know  as  science  are  the  observation  of  facts,  the  inductions  of 
laws  or  generalizations  from  the  observed  facts,  and  the  verifica- 
tion of  the  facts,  laws,  and  generalizations  by  experimentation. 
These  three  conditions  of  science  are  often  subject  to  error  through 
false  or  incomplete  observation  of  facts,  the  induction  of  laws  from 
too  few  or  false  facts,  and  the  frequent  human  inability  to  repro- 
duce natural  phenomena,  whereby  experimentation  may  be  done 
to  confirm  the  laws  or  generalizations.  In  spite  of  these  stringent 
demands  of  science  in  the  establishment  of  truth  man  has  been 
forced  to  live  and  think  in  terms  of  generalizations  and  laws,  a 
fact  which  may  be  seen  in  the  history  of  any  of  the  natural  sciences. 
Laws  and  generalizations  have  been  the  most  prominent  instru- 
ments of  progressive  thought. 

In  the  field  of  medicine  Julius  Cohnheim,  in  1877,  expressed  a 
generalization  in  the  following  words:  "I  believe  that  this  process 
— referring  to  the  embryonic  development  of  the  monstra  per 
excessum^  such  as  superfluous  fingers,  giant  children,  giant  adults, 
giant  extremities,  etc. — is  not  confined  to  this  field  but  also  applies 
to  a  much  wider  and  more  important  field,  namely,  the  field  of  true 
neoplasms.*'     By  this  generalization  he  meant  that  the  neoplasms 
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and  the  monstra  per  excessum  were  probably  due  to  some  excess  in 
the  embryonic  development  of  tissues.  This  is  the  generaliza- 
tion which  stands  out  most  prominently  in  the  pathology  of  tumors, 
and  is  the  one  which  is  given  preference  in  practically  all  modern 
text-books  on  the  subject.  Later  Ribbert  added  to  Cohnheim's 
prenatal  hypothesis  another  one,  which  explained  neoplasms  by 
a  postnatal  cutting  off  of  cells  in  scar-tissue. 

The  evidence  which  had  been  produced  to  establish  or  support 
the  prenatal  and  postnatal  rest  hypotheses  for  the  origin  of  tumors 
may  be  divided  into  three  groups,  i.  c,  the  facts  relative  to  the 
occurrence  and  anatomic  location  of  tumors,  the  published  specu- 
lation relative  to  how  they  occurred,  and  experimental  observa- 
tions which  were  made  as  a  result  of  the  hypotheses. 

The  spec&lation  has  already  been  mentioned,  and  the  anatomic 
observations  may  be  briefly  stated  as  follows: 

1.  Tumors  do  occur. 

2.  Some  monstrosities,  the  duplex  anatomic  abnormalities, 
bilateral  abnormalities,  superfluous  fingers,  giant  children,  giant 
adults,  elephantiasis  of  one  or  more  extremities,  inequality  of 
growth  in  bilaterally  symmetric  organs,  such  as  arms  and  legs, 
have  an  embryonic  origin.  Cohnheim  says:  "It  is  no  mystical 
conception  if  we  accept  the  embryonic  anlagen  as  the  cause  of  these 
excessive  growths." 

3.  Some  tumors  occur  in  the  localities  of  occasional  develop- 
mental defects,  such  as  the  orifices  of  the  nose,  eyes,  and  lips  and 
the  tracheal  bifurcation  of  the  esophagus. 

4.  Nevi  and  moles  occur  usually  as  prenatal  abnormalities. 

5.  Nevi  and  moles  occasionally  become  malignant  neoplasms. 

6.  As  a  result  of  segmentation  of  the  fertilized  ovum  three  dis- 
tinct embryonic  layers  develop,  out  of  which  the  specific  tissues  of 
the  organism  arise  (Wolff,  1759;  Meckel,  1812;  Ponder,  1817;  von 
Baer,  1829;  Remak,  1851-1855). 

7.  The  condition  known  as  carcinoma  is  of  epithelial  or  ecto- 
blastic  origin. 

8.  Sarcoma  is  of  connective-tissue  origin. 

9.  Tumors  which  contain  tissues  not  normally  found  in  the 
region  in  which  the  tumor  developed  occur;  thus  gland-like 
structures  are  foimd  in  gUomas  of  the  brain,  spinal  cord,  and  retina. 
Gliomas  with  cystic  areas  which  are  lined  by  epithelium  have  been 
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seen  in  the  fourth  ventricle.  Lipoleiomyomas  of  the  kidney  have 
been  described.  Striped  muscle  tumors  in  the  uterus,  vagina, 
kidney,  and  testicle  are  reported.  Cartilaginous  growths  in  the 
tonsils,  neck,  thyroid,  breasts,  testicles,  kidneys,  and  bladder  are 
mentioned.  Teratomas  in  the  vagina,  uterus,  kidneys,  bladder, 
breast,  parotid,  and  ovaries  are  rarely  found.  Glands  are  found  in 
uterine  myomas. 

10.  Tumors,  such  as  ovarian  neoplasms,  nevi,  lipomas,  angi- 
omas, myomas,  and  sarcomas  of  epiphyses  are  occasionally  bi- 
laterally symmetric;  and  exostoses,  enchondromas,  adenomatous 
polyps,  and  papillomas  are  sometimes  multiple. 

11.  Tissues  which  are  analogous  to  normal  tissues  are  oc- 
casionally found  in  locations  where  they  are  not  normally  found. 
"Adrenal  rests"  have  been  described  by  Ribbert  and  others. 
Epithelial  vestiges,  known  as  Wolflf-Gartner  ducts  in  the  uterus  and 
adnexa  occur.  Epithelial  rests  cut  oflf  in  the  scar  tissue  of  ulcers 
and  bums  were  emphasized  by  Ribbert  and  others. 

12.  Accessory  organs,  such  as  the  thyroid,  breast,  pancreas, 
and  spleen,  are  occasionally  found. 

These  abnormalities  lent  circumstantial  evidence  in  support 
of  the  speculative  generalizations  of  Cohnheim  and  Ribbert. 
Although  all  these  facts  do  not  represent  the  basis  of  Cohnheim's 
generalizations,  they  do  represent  the  most  important  and  most 
often  quoted  facts  in  support  of  the  rest  hypothesis  as  popularized 
by  Cohnheim,  Ribbert,  and  their  followers.  Briefly,  these  may  be 
analyzed  in  their  relation  to  the  hypotheses  in  the  order  in  which 
they  have  just  been  mentioned. 

No  attempt  is  being  made  here,  however,  to  disprove  the  cir- 
cumstantial evidence  which  has  been  presented  in  support  of  the 
prenatal  and  postnatal  hypotheses.  The  evidence  herewith  pre- 
sented is  simply  circumstantial  evidence,  which  has  equal  value  in 
a  negative  or  contradictory  consideration  of  the  hypotheses. 

1.  Tumors  certainly  occur,  but  all  tumoris  are  now  kno^-n  not 
to  be  alike,  and  many  conditions  which  were  considered  under  the 
heading  of  tumor  when  the  Cohnheim-Ribbert  hypothesis  was 
formulated  have  been  proved  to  be  neoplasms  which  are  due  to 
infectious  organisms  which  gain  postnatal  entrance  into  the  body. 
Many,  in  fact  most,  of  the  carcinomatous  and  sarcomatous  neo- 
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plasms  are  conditions  which  manifest  themselves  after  or  dwing 
chronic  irritation.  This  is  well  exemplified  in  carcinoma  in  associa- 
tion with  ulcers  of  the  stomach,  epitheliomas  iii  association  with 
irritation  of  the  lip  from  smoking,  and  repeated  or  constant  sun- 
bums  and  sarcoma  which  follows  injury,  all  of  which  and  many 
more  examples  are  strong  evidence  that  some  other  factor  plays  a 
r6le  in  the  development  of  such  neoplasms.  If  the  irritation  hap- 
pened to  strike  a  spot  in  which  there  were  already  prenatal  rests, 
then  prenatal  rests  must  be  frequent  enough  to  be  found  in  the 
areas  which  are  so  frequently  the  seats  of  neoplasms. 

As  a  matter  of  fact,  literature  and  experience  are  strangely 
devoid  of  authentic  examples  of  rests  in  the  common  seats  of  cancer. 
That  the  cells  of  cancer  are  derived  from  cells  which  are  present 
is  to  be  conceded,  but  that  these  cells  must  necessarily  be  cut  oflf 
physically  or  functionally  during  embryonic  or  postnatal  life  seems 
unnecessary  in  the  light  of  findings  which  appear  in  other  parts  of 
this  paper. 

2.  Monstrosities  occur,  but  many  of  these  are  the  results  of 
purely  mechanical  defects  and  are  not  neoplastic.  Giant  colons 
in  some  cases  have  been  due  to  an  absence  of  a  portion  of  the  bowel, 
an  absence  most  likely  due  to  the  failure  of  the  two  embryonic 
portions  of  the  bowel  to  unite  during  embryonic  development. 
The  tumor  in  such  cases  is  not  neoplastic  in  the  sense  that  a 
carcinoma  or  sarcoma  is  neoplastic.  In  most  cases  they  are  merely 
distentions  of  the  lumen  of  the  bowel.  Elephantiasis  is  frequently 
due  to  prenatal  or  postnatal  mechanical  obstruction  to  the  return- 
ing lymph  or  blood  supply.  The  condition  is  also  composed  of 
differentiated  cells,  and  not  partially  or  undifferentiated  cells, 
which  are  characteristic  of  neoplasms. 

Bilateral  abnormalities,  like  the  monstrosities,  possess  com- 
pletely differentiated  tissues,  and  do  not  consist  of  masses  of  un- 
differentiated hyperplastic  cells,  such  as  characterize  carcinoma, 
sarcoma,  and  many  benign  neoplasms.  Giant  children  and  adults, 
while  they  certainly  have  their  initiative  in  their  own  embryonic 
cells,  are  merely  manifestations  of  the  extremes  of  growth.  They 
have  a  limit — the  limit  of  differentiated  tissues — and  do  not  mani- 
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fest  the  unlimited  growth  of  benign  and  especially  malignant  neo- 
plasms. Variability  of  size  in  all  living  things  occurs  normally; 
there  must  be  extremes.  It  is  no  more  remarkable  than  the 
great  variabiUty  of  size  of  flowers  on  plants  of  the  same  species. 
They  consist  of  normal  tissues  which  are  normally  correlated  and 
differentiated;  their  development  is  not  detrimental  to  the  sym- 
metry or  existence  of  the  tissues  or  the  whole  organism,  a  distinc- 
tion which  is  to  be  compared  with  the  characteristic  assymmetry 
and  detrimentality  of  neoplasms. 

3.  Tumors  do  occur  in  localities  of  occasional  developmental 
defects,  but  these  are  rare  when  compared  with  other  conditions, 
such  as  carcinoma  of  the  stomach,  skin,  prostate,  and  breast,  in 
which  organs  developmental  abnormalities  have  not  been  dis- 
covered with  as  great  frequency  as  in  such  regions  as  the  face. 

4,  5.  Nevi  and  moles  are  usually  of  prenatal  origin,  but  when 
compared  with  the  number  of  moles  and  nevi  in  existence,  malig- 
nant nevi  and  moles  are  extremely  rare.  Indeed,  the  condition  is 
rare  when  compared  with  other  malignant  conditions  which  do  not 
arise  in  moles  and  nevi  and  have  no  apparent  relation  to  any  ab- 
normality as  an  antecedent. 

6.  Carcinoma  is  conceded  to  be  of  epithehal,  therefore  ecto- 
blastic,  origin,  but  the  cells  of  carcinoma  and  the  cells  of  sarcoma 
are  often  morphologically  indistinguishable  and  frequently  bear  no 
cytologic  resemblance  to  the  parenchyma  of  the  tissues  from  which 
they  are  supposed  to  have  grown. 

7.  Although  sarcoma  is  supposed  to  be  of  mesoblastic  origin,  the 
cells  are  often  morphologically  indistinguishable  from  cells  of  epi- 
thelial or  ectoblastic  origin. 

8.  That  tumors  occur  which  contain  tissues  not  normally 
found  in  the  region  in  which  the  tumor  grew  is  certainly  true,  but 
it  has  been  demonstrated  that  the  adenomatous  or  glandular  tissues 
of  an  adenomyoma  of  the  uterus  have  their  origin  directly  from  the 
endometrium  of  the  uterus  as  diverticula.  It  may  be  suggested 
also  that  the  much-quoted  mixed  tumor,  namely,  the  ghoma  of  the 
brain  and  cord  which  contains  gland-like  structures,  is  a  condition 
in  harmony  with  the  fact  that  both  central  nervous  tissues  and 
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certain  gland-tissues  develop  from  the  same  stratum  germinativum. 
Indeed,  the  variety  of  very  different  structures  which  are  derived 
from  the  stratum  germinativum  of  the  ectoderm  gives  to  that  layer 
the  possibility  of  producing  many  tissues;  for  example,  in  the  same 
cyst  of  a  breast  one  may  find  squamous  cells,  cuboid  cells,  and  cells 
which  are  indistinguishable  from  sebaceous  cells.  It  must  not  be 
forgotten  that  cells  which  normally  produce  columnar  epithelium 
may  produce  squamous  epithelium  when  those  cells  are  placed  in 
the  position  where  squamous  epithelium  is  demanded  for  pro- 
tective purposes.  It  must  be  remembered  also  that  within  the 
compass  of  a  single  cell,  namely,  the  fertilized  ovum,  all  tissue  possi- 
bilities exist.  This  clearly  demonstrates  the  biologic  fact  that 
protoplasm  is  a  plastic  substance  which  readily  adapts  itself  to 
abnormal  environment.  Conditions  which  are  called  "adrenal 
rests"  in  the  kidney  do  occur,  but  nobody  has  actually  demon- 
strated that  such  structures  were  really  adrenal  cells.  Their 
analogy  may  be  similar  to  the  analogy  which  exists  between  cells  of 
sarcoma  and  carcinoma,  spindle-cell  sarcoma,  and  epitheUoma. 

9.  The  bilateral  symmetry  of  rare  neoplasms,  as  bilateral 
fibromas,  lipomas,  and  nevi,  is  in  accord  with  the  bilateral  sym- 
metry of  many  organs.  Thus  many  bilateral  axillary  lipomas 
have  been  proved  to  be  bilateral  rudimentary  or  accessory  breasts. 
The  bilateral  symmetry  of  the  mammary  gland  does  not  especially 
predispose  to  bilateral  carcinoma  of  the  breast,  although  this  con- 
dition does  rarely  occur.  Bilateral  ovarian  simple  cysts,  cystade- 
nomas  and  dermoids  of  the  ovary  occur,  but  the  condition  is 
more  frequently  single  when  found  by  the  surgeons.  Bilateral 
symmetry  of  fibromas  of  the  nerves  occurs,  but  there  are  some  bi- 
lateral irritative  conditions  of  nerves  of  known  postnatal  origin. 

10.  Accessory  organs  occur  frequently,  but  neoplasms  in  such 
structures  are  rare  as  compared  with  the  neoplasms  which  arise  in 
structures  which  are  not  accessory. 

11.  Multiple  tumors  occur  in  many  parts  of  the  body,  but  here 
also  they  are  associated  with  irritation  which  is  also  multiple  or 
diffuse. 

12.  The  so-called  law  of  specificity  of  tissues  from  the  three 
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embryonic  layers  is  open  to  criticism  of  modem  biologists,  since  it 
has  been  shown  that  in  the  regeneration  of  certain  organs  and 
tissues  of  some  animals  these  tissues  arise  from  different  layers. 
The  regenerated  lens  in  the  triton  arises  from  a  mesoblastic  tissue 
in  spite  of  the  fact  that  the  lens  normally  develops  directly  from  the 
ectoblast.  Muscles  in  the  Tubifex  rivulorum  are  regenerated  from 
ectoblastic  structures,  although  they  are  originally  mesoblastic. 

Hertwig  says  that  the  terms  outer,  inner,  and  middle  -germinal 
layers  denote  only  the  relative  position  of  the  cells  which  develop, 
at  different  times,  and  lie  reminds  us  quite  appropriately  that  the 
entoderm  and  the  mesoderm  are  both  derived  from  the  cells  of  the 
ectoderm.  He  further  shows  the  incompleteness  of  our  present 
knowledge  of  the  germ  layers  by  stating  that  it  is  still  a  question 
whether  the  chorda  develops  from  the  ectoderm,  mesoderm,  or 
entoderm  in  so  simple  an  animal  as  the  amphioxis. 

Whether  the  middle  layer  is  derived  from  the  outer  or  inner 
layer,  or  both,  is  still  an  open  question.  As  to  the  morphologic 
specificity  of  cells  from  these  layers,  it  may  be  stated  that  many 
cells  of  moles  are  morphologically  identical  with  connective-tissue 
cells,  although  they  may  be  directly  traced  by  continuity  to  the  epi- 
thelium of  the  skin.  Indeed,  such  cells  are  often  indistinguishable 
from  the  cells  of  spindle-cell  sarcoma  and  myoma,  both  of  which 
are  supposed  to  be  of  mesoblastic  origin.  Cells  from  an  epithe- 
lioma (ectoblastic)  of  the  skin  are  frequently  morphologically  in- 
distinguishable from  the  cells  of  a  sarcoma  (mesoblastic). 

The  embryplogists  tell  us  that  the  epithelium  of  the  kidney  is 
of  mesoblastic  origin,  and  still  many  neoplasms  of  the  kidney  are 
morphologically  carcinoma.  From  these  facts  it  seems  that  the 
law  of  specificity  of  tissues  has  many  exceptions  and  begins  to  lose 
its  morphologic  and  functional  specificity  when  studied  from 
the  standpoint  of  cytology. 

The  experimental  evidence  which  was  conducted  by  such 
authorities  as  Wilms,  Lubarsch,  Ribbert,  Kaufman,  Schweniger, 
Dooremal,  Goldzieher,  Garre,  Kaig,  Jungengel,  Goldmann,  Man- 
goldt,  Thiersch,  Reverdin,  Krause,  Barth,  A.  Schmidt,  MoUer, 
AUessandri,  Piitterer,  Zahn,  Leopold,  Birch-Hirschfeld,  Rosario 
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Traina,  Bom,  Traina,  Nichols,  Lecine  and  Legros,  Roux  and 
Barfurth,  consisted  of  transplantations  of  embryonic  and  adult 
tissues  into  normal  organs  of  animals  of  the  same  and  different 
species  and  the  artificial  misplacement  of  cells  and  tissues  in  animals 
in  their  embryonic  stage.  In  all  cases  in  which  the  cells  or  tissues 
lived  the  cells  remained  or  became  diflferentiated  into  the  cells  of 
the  normal  tissues  from  which  the  injected  or  transplanted  cells 
were  taken.  The  transplanted  tissues  ceased  to  grow,  and  in  no 
case  was  a  typical  neoplasm  produced. 

Lewin  states,  in  summarizing  these  experiments:  "Out  of  all 
of  these  experiments  no  atypical  growths  with  progressive  tendency 
to  growth  occurred.  Teratomas  occurred,  but  metastases  did  not 
occur.  The  growth  showed  a  tendency  to  retrogress."  Borst 
states:  "There  still  remains  much  which  is  lacking  and  uncertain 
in  the  use  of  experiments  which  in  other  investigations  have  proved 
so  advantageous.  They  have  given  no  success  in  the  field  of  tumor 
formation.  At  least,  no  one  has  been  successful  in  producing  ex- 
perimentally a  true  blastoma.  In  general  one  may  say  that  the 
histogenesis  of  tumors  is  a  field  of  oncology  which  has  not  been  suffi- 
ciently cleared  up." 

It  may  be  seen  that  those  of  the  profession  who  accept  the  pre- 
natal or  the  postnatal  rest  hypothesis  for  the  histogenesis  of  tumors 
do  so  from  speculation  and  circumstantial  evidence  and  not  from 
observational  or  experimental  proof. 

In  the  brief  space  of  time  allotted  for  this  paper  the  principles 
of  the  new  conception  of  the  development  of  neoplasms  may  be  best 
illustrated  by  studying  one  organ,  although  similar  facts  have  been 
demonstrated  in  several  organs.  In  over  846  carcinomas  of  the 
mammary  gland  I  have  never  seen  the  condition  unless  it  was 
associated  with  a  definite  chronic  mastitis.  In  over  1819  specimens 
of  chronic  mastitis  I  have  found  histologic  pictures  which  present 
changes,  without  demarcation,  to  and  including  the  picture  of  early 
carcinoma. 

The  normal  breast  is  the  direct  outgrowth  of  the  germinative  or 
basal  layer  of  the  embryonic  skin.  The  tubules  and  the  acini 
possess  two  layers  of  cells,  one  consisting  of  differentiated  or  func- 
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tionating  cells,  the  other  a  basal  layer,  the  cells  of  which  are  diffi- 
cult to  distinguish  in  the  normal  resting  or  lactating  breast,  but 
which  come  into  prominence  only  in  chronic  mastitis. 

The  function  of  the  basal-cell  layer  of  the  skin  is  to  reproduce 
the  epidermis  when  this  is  destroyed.  The  same  layer  in  the 
mammary  acinus  comes  into  prominence  only  when  there  is  destruc- 
tion of  the  functionating  cells  of  the  acinus.  Its  function  is  that 
of  regeneration,  a  protective  process.  In  acute  or  extensive  de- 
struction of  the  skin,  including  the  basal  layer,  the  defect  is  replaced 
by  scar  tissue.  In  acute  or  extensive  destruction  of  the  mammary 
acini  the  defect  is  also  replaced  by  scar  tissue.  In  chronic  irrita- 
tion of  the  skin  there  is  an  increased  production  of  cells.  In 
chronic  irritation  of  the  breast  there  is  likewise  an  increased  pro- 
duction of  cells.  In  other  words,  there  is  an  attempt  to  replace 
the  normal  functionating  cells.  Failure  in  the  complete  replace- 
ment of  the  differentiated  cells  is  accompanied  by  an  overgrowth 
of  the  cells  of  the  germinal  or  basal  layer.  This  condition  has  been 
termed  by  the  writer  secondary  epithelial  hyperplasia.  The  cells 
fill  the  lumen  of  the  acinus  and  are  morphologically  identical  with 
the  cells  of  cancer,  although  none  invade  the  stroma  at  this  stage. 
From  the  fact  that  these  cells  are  morphologically  identical  with 
cancer  cells  and  that  the  only  apparent  line  of  demarcation  be- 
tween the  condition  and  cancer  consists  of  a  migration  of  the  cells 
into  the  stroma,  it  has  been  termed  by  the  writer  precarcinomatous 
condition. 

Viewed  from  a  biologic  standpoint,  there  are  certain  processes 
which  are  visible  in  the  conditions  just  described.  Nature  pro- 
vides certain  cells  (germinative  cells)  the  duties  of  which  are  to 
act  as  a  reserve  to  reproduce  the  specific  organic  cells  when  the 
latter  are  destroyed.  She  provides  that  the  process  of  regenera- 
tion be  accompanied  by  overgrowth,  a  condition  which  is  char- 
acteristic of  all  reproduction  in  most,  if  not  all,  forms  of  life.  She 
further  provides  for  the  migration  of  living  things  when  environ- 
mental conditions  are  not  suitable  for  local  existence. 

The  condition  of  migration  in  the  case  of  cells  has  been  de- 
scribed by  the  writer  as  tertiary  or  migratory  hyperplasia.     The 
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cells  of  carcinoma  of  the  breast  represent  the  biologic  principle 
of  migration  of  cells.  The  cells,  as  Hertwig  has  stated,  have  lost 
their  organic  or  communistic  function  and  have  taken  on  their 
cytologic  or  individualistic  function,  the  latter  being  to  preserve 
their  kind  from  annihilation. 

It  may  be  asked,  how  can  a  condition  which  will  certainly  de- 
stroy the  whole  organism  be  a  protective  principle?  This  perfectly 
natural  question  can  be  answered  only  by  stating  a  general  prin- 
ciple in  biology,  namely,  that  regenerative  changes  do  not  always 
consider  the  adaptation  of  the  whole  organism.  Thus,  scars  which 
are  regenerative  after  destruction  often  completely  or  partially 
incapacitate  a  limb  and  thereby  are  disadvantageous,  often  a 
detriment  to  the  whole  organism.  It  is  a  manifestation  of  a  prin- 
ciple which  is  inherent  in  cells,  cytologic  life  being  primary  and 
organic  life  secondary.  Thus  the  planarian,  a  low  form  of  multi- 
cellular organism,  in  response  to  certain  stimuli,  produces  a  new 
head  when  it  already  possesses  one;  the  actinian  produces  a  new 
mouth  on  the  side  of  its  body,  under  certain  regenerative  conditions, 
etc.  Migration  of  animals  not  infrequently  leads  even  to  their 
complete  destruction  or  to  the  destruction  of  other  kinds  of  animals. 
Life  exists  at  the  expense  of  life,  a  fact  which,  like  many  other 
biologic  facts,  will  doubtless  never  be  understood  until  the 
ultimate  purpose  of  life  is  known. 

In  review,  it  may  be  seen,  from  an  examination  of  the  literature, 
the  best  of  which  is  herein  quoted,  that  the  prenatal  and  postnatal 
conception  of  the  histogenesis  of  tumors  is  based  upon  a  generaliza- 
tion for  which  there  are  no  observations  of  facts  relative  to  the 
actual  development  of  neoplasms  and  no  experimental  proof  which 
is  in  accord  with  the  hypothetic  conception,  expressed  in  the  pre- 
natal and  postnatal  hypothesis  of  Remak,  Durante,  Cohnheim, 
Ribbert,  and  their  followers. 

It  is  a  conception,  formulated  at  a  time  when  the  term  tumor 
embraced  many  apparently  different  pathologic  conditions,  some 
of  which  have  since  been  shown  to  have  definite  postnatally  ac- 
quired parasitic  character  and  associations  which  have  nothing  to 
do  with  either  prenatal  or  postnatal  anatomic  development  of 
tissues  other  than  that  their  normal  special  structure  may  form  a 
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portal  of  entry  or  is  in  communication  with  some  portal  of  entiy, 
for  a  tissue  destroying  organism  or  irritant  which  causes  a  tissue 
reaction  in  the  form  of  a  neoplasm. 

It  was  further  an  outgrowth  of  the  so-called  germ  layer  theory 
of  embryologic  development,  a  theory  which,  according  to  Hert- 
wig,  seems  to  leave  out  of  account  the  biologic  fact  that  the  so- 
called  germinal  layers  are  but  a  few  generations,  perhaps  even  one 
generation,  from  each  other,  and  that  all  these  layers  are  but 
a  few  generations  from  the  ectoblastic  layer.  Indeed,  it  is  not 
absolutely  settled  whether  the  mesoblastic  or  middle  layer  is  of 
ectoblastic  or  endoblastic  origin.  Some  authorities  consider  it  a 
direct  derivative  of  both  layers. 

It  is  further  based  upon  another  theory,  called  the  theory  of 
specificity  of  tissues  (KcUiker),  which  is  open  to  criticism  for  the 
following  reasons:  In  the  regeneration  of  the  muscles  of  the 
Tubifex  rivulorum  they  are  derived  from  the  same  cells  which  form 
the  nervous  system  (ectoderm);  in  the  Tubifex  rivulorum  the 
pharynx  arises  from  distinct  germ  layers;  the  regeneration  of  the 
lens  in  the  triton  has  its  origin  in  mesodermic  cells  and  not  in 
ectoblastic  cells. 

Such  a  conception  leaves  out  of  consideration  the  most  evident 
and  essential  characteristic  of  cells,  namely,  the  power  of  reproduc- 
tion or  regeneration.  It  also  leaves  out  the  fact  that  the  specificity 
of  tissues  consists  of  specific  diflferentiation  of  cells,  a  condition 
which  represents  the  final  adult  stages  of  cellular  life  and  not  the 
reproductive  or  plastic  stages.  Hair  does  not  grow  from  hair, 
the  nails  do  not  grow  from  nails,  squamous .  epithelium  does  not 
arise  from  squamous  epithelium.  These  specific  end  products  are 
the  offspring  of  germinative  cells  which  produce  hair,  nails,  and  epi- 
thelium by  the  individual  power  of  differentiation  of  germinative 
cells,  which  occupy  an  absolutely  essential  and  much  overlooked 
position  in  the  economy  of  an  organism  such  as  the  human  body. 

Conclusions 
1.  The  prenatal  and  postnatal  theories  of  the  development  of 
neoplasms  are  based  upon  no  observational  or  experimental  evi- 
dence. 
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2.  They  were  working  hypotheses  based  upon  anatomic  loca- 
tions which  were  identical  with  certain  complicated  embryologic 
developments  and  two  theories,  namely,  the  three-layer  theory  and 
the  specificity  of  tissues  theory,  both  of  which  are  still  open  to 
criticism  of  modern  biologists. 

3.  Certain  facts  prove  that  for  certain  organs  such  neoplasms 
as  carcinoma  and  epithelioma  are  the  direct  descendants  of  cells 
which  are  normally  present  in  those  organs  and  which  have  a  dis- 
tinct normal  postnatal  function  of  regeneration. 

4.  Facts  further  prove  that  these  generative  cells  take  part  in  a 
local  reaction  which  attempts  to  replace  cells  which  have  been  de- 
stroyed by  some  chronic  irritant. 

5.  Biologic  facts  prove  that  most  if  not  all  unicellular  and  multi- 
cellular organisms  migrate  to  protect  themselves  from  extermina- 
tion, and  that  this  regenerative  activity  is  often  irrespective  of  the 
welfare  of  the  whole  organ  or  organism. 

6.  The  formation  of  neoplasms  may  be  expressed  as  an  at- 
tempted protective  hyperplasia  of  germinative  cells,  a  fact  and  not 
a  theory. 

7.  This  conception  of  neoplasms  possesses  three  definite  his- 
tologic pictures  which  may  be  described  by  three  definite  terms  or 
expressions  which  require  three  distinct  clinical  and  therapeutic 
procedures,  and  form  a  definite  basis  for  a  new  classification^  of 
tumors,  which  will  be  presented  in  the  near  future. 
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VII.  A  NEW  CLASSIFICATION  OF  NEOPLASMS  ♦ 

WILLIAM    CARPENTER  MacCARTY 

I  take  the  liberty  of  presenting  a  new  classification  of  neoplasmsf 
for  the  following  reasons: 

1.  It  has  been  clearly  demonstrated  that  carcinoma  in  three 
different  organs  arises  from  the  regenerative  cells  of  the  parenchyma 
of  the  organs,  and  not  from  the  parenchyma  of  these  organs  (breast, 
skin,  and  prostate).^ 

2.  It  has  been  definitely  established  that  cancer-cells  of  differ- 
ent organs — even  organs  of  different  germinal  layer  origin — ^are 
often  morphologically  indistinguishable.* 

*Read  before  the  Section  on  Pathology,  Amer.  Med.  Assoc.,  June,  1915. 

t  This  brief  statement  of  a  biologic  conception  of  neoplastic  cytologic  processes 
serves  merely  as  a  preliminary  report,  and  is  presented  at  the  present  time  for  the 
purpose  of  stimulating  patholog^ists  to  study  their  early  neoplasms  and  chronic 
mflammatory  conditions  in  the  light  of  the  process  of  tissue  regeneration.  It  also 
serves  to  point  the  way  to  the  standardization  of  histologic  and  cytologic  facts 
with  clinical  experience. 
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3.  It  has  been  definitely  shown  that  even  the  best  pathologists 
cannot  always  diflferentiate  carcinoma  from  sarcoma,  the  cells 
being  often  morphologically  indistinguishable.^ 

4.  It  may  be  seen  from  the  writings  of  many  authorities  who 
classify  tumors  that  their  classifications  are  based  on  the  histo- 
genesis of  tissues,  and  that  many  of  these  authorities  express  dis- 
satisfaction with  this  basis  of  classification  and  apologetically 
accept  it  as  the  best,  under  the  existing  state  of  our  knowledge.' 

5.  A  review  of  embryologic  facts  relative  to  the  histogenesis  of 
the  different  tissues  of  the  body  clearly  reveals  a  lack  of  definite 
information  relative  to  the  exact  origin  of  many  tissues,  a  fact  which 
places  any  classification  which  is  founded  on  the  histogenesis  of 
tissues  on  a  theoretic  basis.* 

6.  The  histogenetic  basis  for  a  classification  of  tumors  is  also 
based  on  the  theory  of  specificity  of  tissues  which  finds  some  con- 
tradiction in  biologic  experimental  facts  and  in  certain  embryologic 
developmental  facts.* 

7.  The  classifications  which  are  utilized  today  by  the  best 
authorities  do  not  describe  the  condition  of  the  cells  of  tumors^ 
bvit  merely  name  the  tumors  from  the  tissues  from  which  they  are 
supposed  to,  but  probably  do  not,  arise.^ 

The  classification  herewith  presented  is  based  on  the  following 
established  biologic  facts: 

1.  The  cell  is  the  recognized  unit  of  life. 

2.  Tissues  are  communisms  of  specific  or  differentiated  cells. 

3.  Organs  are  communisms  of  tissues. 

4.  The  fertilized  ovum,  by  a  process  of  segmentation,  produces 
cells  which  produce  cells,  which  become  differentiated  into  tissues. 

5.  During  the  process  of  the  production  of  cells  which  produce 
tissues  certain  cells  remain  in  a  stage  of  reserve  (regenerative  cells) 
for  the  purpose  of  producing  specific  tissues  when  the  specific 
tissues  are  destroyed. 

6.  In  the  presence  of  chronic  irritation  specific  cells  of  tissues 
are  destroyed,  the  reserve  cells  become  hyperplastic,  and  some- 
times, in  the  presence  of  failure  to  reproduce  specific  cells,  they 
form  an  overgrowth,  the  cells  of  which  sometimes  migrate  into  the 
stroma. 
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7.  The  cytologic  process  of  attempted  regeneration  expresses 
itself  histologically  in  three  definite  stages  or  conditions:  (a)  By 
the  presence  of  the  atrophic  or  degenerating  specific  or  differen- 
tiated cells,  plus  hypertrophic  regenerative  cells  (primary  cyto- 
plasia);  (6)  by  the  absence  of  specific  cells  plus  the  presence  of 
hypertrophic  and  hyperplastic  regenerative  cells  (secondary  cyto- 
plasia),  and  (c)  by  the  absence  of  specific  cells  plus  the  presence  of 
hyperplastic  regenerative  cells  plus  migration  of  the  hyperplastic 
regenerative  cells  into  the  stroma,  lymphatics,  neighboring  and 
distant  organs  (tertiary  or  migratory  cytoplasia)  (Figs.  263-269). 

8.  The  first  cytoplasia  (primary  cytoplasia)  represents  a  condi- 
tion which  is  commonly  accepted  as  a  clinically  benign  condition. 
The  third  cytoplasia  (tertiary  or  migratory  cytoplasia)  represents 
a  condition  which  is  commonly  accepted  as  a  malignant  clinical 
condition.  The  second  cytoplasia  (secondary  cytoplasia),  with 
our  present  knowledge,  is  still  doubtful  ais  to  malignancy  or  benig- 
nancy,  and  represents  a  group  which  has  been  variously  considered 
by  both  pathologists  and  clinicians — a  group  which  has  caused 
endless  confusion  to  the  pathologist  and  clinician. 

9.  Biologically,  certain  regenerative  cells  react  to  irritation 
which  destroys  the  end-products  of  their  specific  differentiation — 
first,  by  hypertrophy;  second,  by  hyperplasia,  and  third,  by  migra- 
tion. 

The  terminology  of  the  classification  which  is  herewith  pre- 
sented consists  of  well-known  and  accepted  terms.  It  expresses, 
in  its  first  word,  the  stage  of  cytologic  activity  in  response  to 
irritative  stimuli;  the  second  word  denotes  the  tissue,  the  genera- 
tive cells  of  which  are  involved  in  the  neoplastic  condition;  the 
third  word  is  merely  a  term  which  signifies  condition  of  cells. 
Thus,  by  such  an  expression  as  primary  fibrocytoplasia  is  meant 
that  there  is  a  condition  of  primary  reaction  of  the  regenerative 
cells  of  fibrous  connective  tissue. 

In  a  primary  reaction  there  is  an  attempted  if  not  complete  re- 
production of  the  specific  cells.  In  a  secondary  reaction  there  is  a 
failure  to  reproduce  specific  cells,  plus  an  overgrowth  of  generative 
cells.  In  the  third  reaction  there  is  a  migration  of  the  hyperplastic 
generative  cells.  Each  one  of  these  cy  toplasias  is  expressed  by  terms, 
the  etymology  of  which  is  well  known  and  accepted  in  biology' : 
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Thus: 


I.  Primary  (restauro-). 
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The  term  polycytoplasia  is  utilized  to  express  a  neoplastic 
condition  in  which  all  or  many  of  the  tissues  are  present,  such  as 
in  teratomas  and  dermoid. 

The  term  x-cytoplasia  is  the  convenient  term  for  grouping  cyto- 
plasia  the  tissue  origin  of  which  is  unknown. 

Conclusions 

1.  This  classification,  which  is  in  accord  with  biologic  termi- 
nology and  conception,  standardizes  the  science  of  neoplasia  and 
allows  complete  correlation  of  clinical  observation  with  cytologic 
activity. 

2.  It  forms  the  basis  of  an  accurate  determination  of  the  clin- 
ical value  of  pathologic  data. 

3.  It  will  eventually  expel  the  cUnician's  pessimistic  idea  of  the 
work  of  the  histopathologist,  who,  by  means  of  his  lack  of  stan- 
dardization, has  certainly  incurred  severe  and  detrimental  criticism. 

BIBLIOGRAPHY 

1.  MacCarty,  W.  C:  "Carcinoma  of  the  Breast,**  Old  Dominion  Medical  Journal, 
1011,  xii,  189-198,  and  Transactions  of  Southern  Surgical  Association,  1910, 
xxiii.  "The  Histogenesis  of  Cancer  of  the  Breast,**  Surg.,  Gyn.  and  Obst., 
1918,  xvii,  441-459.  "Clinical  Suggestions  Based  upon  a  Study  of  Primar>% 
Secondary  (Carcinoma),  and  Tertiary  (Carcinoma)  Epithelial  Hyperplasia  in 
the  Breast,**  Surg.,  Gyn.  and  Obst.,  1914,  x\'iii,  284-289.  "The  Biological  Posi- 
tion of  the  Carcinoma-cell,*'  Collected  Papers  of  the  Mayo  Clinic,  1914,  vi, 
594-600.  "Precancerous  Conditions,**  Jour.  Iowa  State  Med.  Soc.,  1914,  iv, 
1-11. 

2.  MacCarty,  W.  C:  "Notes  on  the  Irregularity  and  Similarity  of  Cancer-cells,*' 
Collected  Papers  of  the  Mayo  Clinic,  1914,  vi,  600-602. 

3.  Adami,  J.  G.:  Principles  of  Pathology,  Phila.,  Lea  and  Febiger,  1909,  i,  Borst, 
M. :  Die  Lehre  von  den  Geschwulsten,  Wiesbaden,  Bergman,  1902.  Council- 
man, W.  T.:  Pathology,  Boston,  Leonard.  1912,  162-193.  Hamilton,  D.  J.: 
Textbook  of  Pathology,  London,  Macmillan,  1889,  2  v.  Hektoen,  L.,  and 
Riesman,  D. :  American  Text-book  of  Pathology,  Philadelphia,  Saunders,  1901. 
Mallory,  F.  B.:  Principles  of  Pathologic  Histology,  Philadelphia,  Saunders, 
1914.  Warren,  J.  C:  Surgical  Pathology,  Philadelphia,  Saunders,  1895. 
Ziegler,  E.:  Text-book  of  Special  Pathological  Anatomy,  New  Yoric,  Mac* 
millan,  1898.  Aschoff,  L.:  Pathologische  Anatomic  (AUgemeine  Teil),  Jena, 
Gustav  Fischer.  1909. 

4.  Bonnet,  P.:  Lehrbuch  der  Entwicklungsgeschichte,  Berlin,  Parey,  1907. 
Hertwig,  O.:  Handbuch  der  vergleichenden  und  experimentellen  Entwick- 
lungslehre  der  Wirbeltiere,  Jena,  G.  Fischer,  1906.  Keibel,  F..  and  Mall,  F.: 
Manual  of  Human  Embryology,  Philadelphia,  Lippincott,  1910-1912. 

5.  Morgan,  T.  H.:  Regeneration,  Macmillan,  1901. 


THE  EVOLUTION  OF  CANCER  903 

VIII.   THE  EVOLUTION  OF  CANCER* 

WILLIAM    CARPENTER   MacCARTY 


Cancer  is  a  migratory  hyperplasia  of  the  regenerative  cells  of 
tissues.  This  generalization  has  been  formulated  as  a  result  of 
certain  observations,  and  their  correlation  with  biologic  facts  which 
are  set  forth  in  this  paper.  In  order  to  portray  a  clear  conception 
of  these  basic  facts  it  will  be  necessary  to  state  them  somewhat  in 
the  order  of  their  acquirement,  and  perhaps  deviate  at  times  for 
the  sake  of  explanation. 

In  doing  so,  I  desire  to  conform  to  the  accepted  principles  of 
scientific  thought  and  action.  These  consist  of  making  of  observa- 
tions, deduction  of  generalizations  and  laws  from  observed  facts, 
and  the  verification  of  the  facts,  generalizations,  and  laws  by 
observation  and  experimentation. 

During  the  years  1908-'09-'10,  764  specimens!  containing 
mammary  pathologic  conditions  came  under  the  investigation. 
This  material  demanded  classification,  terminology,  and  clinical 
significance.  What  classification  to  adopt,  what  terminology  to 
utilize,  and  what  advice  to  give  to  the  surgeon  and  clinician  were 
not  clear.  The  condition  of  our  knowledge  upon  these  subjects 
being  chaotic,  considerable  time  was  devoted  to  an  analysis  of  the 
teaching  Uterature  upon  the  mammary  gland  with  definite  objects 
in  view.  This  analysis  consisted  of  the  accumulation  of  all  the 
classifications  which  were  available,  record  of  the  terminology  which 
was  being  utilized  by  pathologists  and  clinicians,  and  the  determina- 
tion of  the  practical  basis  of  clinical  deductions. 

Xhe  results  have  been  previously  published  and  therefore  may 
be  briefly  stated.  Almost  every  writer  upon  the  subject  of  mam- 
mary pathologic  conditions  presents  his  own  classification,  which 

*Read  before  The  Brooklyn  Pathological  Society,  November  11,  1915. 
t  The  observations  have  since  been  confirmed  upon  over  2000  specimens  of 
mammary  conditions. 
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usually  is  not  original,  but  is  a  modification  of  other  classifications. 
The  terms  which  have  been  utilized  to  express  such  conditions  in 
American,  English,  German,  and  French  literature  amount  to  142. 
Synonyms  are  numerous,  and  no  writer  has  apparently  published  a 
complete  list,  a  fact  which  in  itself  unfortunately  has  confused  the 
working  conceptions  of  pathologists  and  clinicians.  All  clinicians 
and  pathologists,  however,  agree  that  certain  frank  carcinomas  are 
malignant  and  demand  radical  operations.  Practically  all  agree 
that  it  is  unfortunate  to  remove  chronic  mastitis  radically.  But 
what  is  mastitis  and  what  is  carcinoma  constitute  the  real  problem 
which  has  puzzled  both  pathologist  and  clinician. 

The  term  "precancerous  "  has  arisen  to  express  something  which 
the  writer  has  never  seen  histologically  described  and  demonstrated 
twice  alike.  Many  surgeons  of  very  recent  years  call  chronic 
mastitis  "precancerous,"  and  many  benign  conditions  are  doubt- 
less being  radically  removed  in  the  name  of  conservatism.  Equally 
good  authorities  have  been  contradictory  in  their  written  opinions 
relative  to  what  is  histologically  benign  and  what  is  malignant. 

At  this  point  it  may  be  asked  what  have  all  these  facts  to  do  with 
the  question  of  the  evolution  or  histogenesis  of  cancer.'  Their  re- 
lation consists  simply  in  being  the  chaos  which  stimulated  inde- 
pendent objective  investigations  of  a  large  pathologic  material. 

Believing  that  the  history  of  any  organ  is  the  history  of  its 
functional  and  structural  units,  attention  was  given  to  the  mam- 
mary acinus,  the  object  being  the  accumulation  of  detailed  knowl- 
edge of  what  exists  in  and  around  this  structure  under  normal  and 
pathologic  conditions. 

In  accordance  with  the  first  precept  of  scientific  thought  the 
following  principal  observations  were  made. 

1.  The  acinus  of  the  mammary  gland,  in  its  non-lactating  condi- 
tion, is  a  spheroid  or  ovoid  blind  end  of  a  lacteal  duct,  and  is  lined 
by  two  layers  of  cells,  the  inner  row  consisting  of  so-called  cuboid 
or  columnar  cells,  and  the  outer  row  of  flat,  ovoid,  or  spheroid  cells, 
which  rest  upon  the  connective  tissue  of  the  stroma.  These  have 
been  found  to  be  present  under  normal  conditions,  and  also  in 
association  with  chronic  inflammation  and  cancer  (Fig.  t258). 
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2.  During  chronic  inflammation  of  the  breast  some  of  the  acini 
distinctly  show  exfoliation  and  necrosis  of  the  cells  of  the  inner  row, 
and  hypertrophy  of  the  cells  of  the  outer  row.  Sometimes  the 
cells  of  the  outer  row  are  hyperplastic  and  fill  the  lumen,  the  cells 
of  the  inner  row  having  completely  disappeared.  The  hyper- 
plastic cells  of  the  outer  row,  when  in  this  condition,  frequently 
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Fig.  ids. — Showing   the  relation  of  the  regenerating  cells  of  the  mammary  acinus  to  the  ectoblastic 

cells. 

present  morphologic  characteristics  which  are  indistinguishable 
from  those  of  the  cells  of  cancer. 

3.  In  some  acini  in  which  there  is  an  extensive  hyperplasia  of 
the  outer  row  of  cells  the  line  of  demarcation  between  the  acinus 
and  stroma  is  frequently  confused,  there  being  similar  cells  in  the 
stroma  (Fig.  263). 

4.  Acini  which  are  described  in  observations  1,  2,  and  3  are 
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found  in  either  diffuse  or  encapsulated  pathologic  conditions  in  the 
breast. 

These  facts  represent  the  fundamental  observations  which 
have  been  repeated  many  times,  the  conditions  being  found  not 
only  in  different  breasts,  but  also  in  the  same  microscopic  field  of 
the  same  breast. 


primry  •pltbaUal  hjfrtlm*lm 


toeoadarj  •pitkaUal  Iqrpsrpluia 
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Priawjr  apiilMllai  hypM-plui* 


'\^l^       C^l  UwtMvf  •pillMllal  hypM-pLwla 


ftrtXary  ar  Bifratory  •pltbalial  hyparylasia 


Fig.  204. — Encapsulated  and  diffuse  fibro-epithelial  neoplasia,  showing  the  histologic  pictures  of  pri- 
mary, secondary,  and  tertiary  (carcinoma)  epithelial  hyperplasia. 


For  the  sake  of  record  and  description  some  sort  of  terminology 
for  these  conditions  was  necessary  in  the  process  of  study.  The 
simplest  form  of  grouping  being  numeric,  the  conditions  of  the 
acini  were  termed  primary,  secondary,  and  tertiary  hyperplasia 
respectively  for  observations  1,  2,  and  3.  Under  these  terms 
the  conditions  have  been  described  by  the  writer  repeatedly  in 
the  Uterature  (Fig.  264).  Further  developments  in  the  considera- 
tion of  the  conditions  have  seemed  to  indicate,  however,  a  certain 
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incorrectness  in  the  usage  of  the  term  hyperplasia  for  the  condi- 
tion which  was  called  primary  hyperplasia,  since  there  is  in  reality 
no  apparent  hyperplasia,  but  simply  hypertrophy.  To  be  more 
scientifically  correct,  therefore,  it  has  been  deemed  advisable  to 
utilize  the  term  cytoplasia,  it  being  more  accurately  descriptive 
and  more  in  accord  with  facts.  One  should  merely  state  the  con- 
dition of  the  cells  in  such  objective  studies.  At  present  the  condi- 
tions are  spoken  of  as  primary,  secondary,  and  tertiary  cytoplasia. 


/      / 
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Fig.  865. — Organic  differentiation  of  the  ectoblastic  cells.  The  ectoblastic  cells  become  differen- 
tiated into  the  cells  of  the  stratum  germinativum  of  the  embryonic  skin.  The  celb  of  the  stratum  ger- 
minattvum  become  further  differentiated  into  the  germinal  celU  of  the  mammary  glands,  sweat- 
gland),  sebaceous  glands,  hair,  nails,  and  epidermis.  The  germinal  cells  of  these  organs  become  fur- 
ther differentiated  into  the  milk-producing  cell  of  the  breast,  the  sweat-producing  cell  of  the  sweat- 
gland,  the  fat-producing  cell  of  the  sebaceous  gland,  the  hair  of  the  skin,  the  nails  of  the  skin,  and  the 
epidermis  of  tne  skin. 

From  these  observations  the  deduction  which  has  been  made  is 
that  cancer  cells  of  the  breast  are  direct  derivatives  of  the  cells  of 
the  outer  row  in  the  acinus.  With  this  deduction  in  mind  the  next 
step  is  the  determination  of  just  what  the  cells  of  the  outer  row 
are. 

A  review  of  works  upon  embryology  by  Keibel  and  Mall,  Hert- 
wig.  Bonnet,  Kollmann,  Wimpfheimer,  and  others  throws  light  upon 
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the  biologic  position  of  these  cells.  If  one  traces  the  life-history  of 
the  mammary  epithelium  (Fig.  263),  one  begins  with  the  ectoderm 
of  the  three-layer  stage  of  embryologic  development.  This 
layer  of  partially  diflferentiated  epithelium  becomes  more  highly 
developed  to  form  the  so-called  skin  of  the  embryo.  At  first  it  is 
compo^d  of  one  layer  of  low  cuboid  cells,  which,  with  further  de- 
velopment, becomes  diflferentiated  to  form  two  or  more  layers  of 
cells,  the  superficial  layers  diflfering  from  the  first  or  basal  layer  in 
being  flatter  or  less  cuboid,  with  their  long  axes  parallel  with  the 
surface  of  the  body. 
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Fijf .  «66. — Cytologic  differentiation  of  the  ectoblastic  cells.  The  ectobUstic  cells  become  differen- 
tiated into  the  cells  of  the  stratum  germinativum  of  the  embryonic  skin.  The  cells  of  the  stratum 
germinativum  become  further  differentiated  into  the  germinal  cells  of  the  mammary  glands,  sweat- 
glands,  sebaceous  glands,  hair,  nails,  and  epidermis.  The  germinal  cells  of  these  organs  become  farther 
differentiated  into  the  milk-producing  cell  of  the  breast,  the  sweat-producing  cell  of  the  sweat-gland,  the 
fat -producing  cell  of  the  sebaceous  gland,  the  hair  of  the  skin,  the  nails  of  the  skin,  and  the  epidermis 
of  the  skin. 

With  both  antenatal  and  postnatal  development  the  superficial 
layers  become  more  diflferentiated  and  less  like  their  immediate 
predecessors,  the  basal  layer,  which,  in  this  stage,  the  embryolo- 
gists  have  termed  the  "  stratum  germinativum "  of  the  skin  or  the 
germinating  layer  of  the  epidermis. 

The  history  of  the  cells  of  this  layer  proves  that  they  possess 
the  power  of  divergence  into  several  structural  and  functional  de- 
rivatives.    It  may  be  spoken  of  as  a  plastic  layer,  at  least  in  the 
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embryo.  This  expression  of  its  broad  functional  and  morphologic 
capacity  is  based  on  its  behavior  in  the  development  of  the  appen- 
dages of  the  skin,  namely,  hair,  nail,  sweat-gland,  sebaceous  gland, 
and  mammary  gland  (Figs.  265  and  266). 

Histologic  specimens  which  have  been  taken  through  embryonic 
skin  and  subcutaneous  tissue  in  various  portions  show  develop- 
mental activities  of  the  stratum  germinativum  other  than  the  pro- 
duction of  epidermal  cells.  For  example,  in  the  development  of 
hair-follicles  the  downward  growth  of  the  cells  of  the  "stratum 
germinativum"  into  the  subcutaneous  tissue  is  accompanied  by 
their  differentiation  into  hair  instead  of  epidermis.  The  examina- 
tion of  a  fully  developed  hair-follicle,  however,  shows  that  there 
still  remains  a  row  of  cells  which  corresponds  to  the  "stratum 
germinativum"  of  the  epidermis,  and  may  be  considered  the 
stratum  germinativum  of  the  hair,  the  hair  itself  being  formed 
by  the  differentiation  of  the  basal  cells.  The  sebaceous  glands, 
nails,  mammaiy  glands,  and  sweat-glknds  possess  their  germina- 
tive  strata,  from  which  they  are  likewise  formed  by  differentiation. 

From  this  brief  statement  of  embryologic  facts  one  may  con- 
struct a  working  diagram  of  the  probable  histogenetic  position  of 
the  cells  which  form  carcinoma.  In  the  case  of  the  mammary 
gland  the  cells  of  the  inner  row  apparently  are  the  differentiated, 
specific,  and  secretory  cells,  and  the  cells  of  the  outer  row  corre- 
spond in  relative  position  to  the  stratum  germinativum  of  the 
skin  and  may  logically  be  termed  the  stratum  germinativum  of  the 
mammary  parenchyma. 

If  these  statements  of  observations  be  correct,  the  cancer-cell 
of  the  mammary  gland  is,  biologically  speaking,  not  only  a  dii^ct 
descendant  of  the  cells  of  the  outer  row,  but  is,  thereby,  the  direct 
descendant  of  the  germinative  cells  of  the  mammary  secretory 
epithelium.  This  conclusion  has  aroused  a  biologic  interest  in 
this  apparently  important  cell  type  as  an  independent  and  com- 
munistic unit  of  life.  This  cell,  having  been  described  as  germina- 
tive or  regenerative,  the  question  of  regeneration  especially  of  epi- 
thelial cells  became  the  object  of  investigation.  The  first  and  most 
studied  field  of  regeneration  in  human  pathology  consists  of  repair 
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after  acute  injury,  the  second  and  less  studied  field  consists  of  the 
natural  repair  coincident  to  what  might  be  termed  physiologic 
wear.  The  third  and  least  studied  field  consists  of  the  regenera- 
tion of  tissues  which  are  destroyed  more  rapidly  than  during 
physiologic  wear,  and  not  so  rapidly  as  occurs  in  acute  injury. 
In  acute  injury  there  is  usually  not  only  actual  destruction  of 
tissue,  but  also  destruction  of  the  regenerative  or  germinative  cells 
of  tissue.  In  this  condition  regeneration  is  not  usually  of  the 
tissue  which  is  destroyed,  but  a  replacement  of  the  defect  by  a 
supporting  structure  such  as  scar  tissue.  This  may  be  illustrated 
by  the  experiment  of  complete  destruction  of  the  skin  by  scraping 
in  which  condition  scar  occurs.  If  the  outer  layers  of  the  epidermis 
are  scraped  oflF,  the  basal  (regenerative)  cells  remaining,  regenera- 
tion occurs  not  in  the  form  of  filling  a  defect  by  scar  tissue,  but  in 
reformation  of  the  outer  layers  of  epidermis  from  the  basal  cells. 
In  physiologic  regeneration  the  process  of  destruction  is  so  gradual 
that  it  is  scarcely  recognizable. 

It  must  be  admitted  that  there  are  degrees  of  irritation  and  the 
eflFects  of  irritation;  an  irritant  may  destroy  the  differentiated 
cells,  cease  to  act,  and  allow  reformation  from  regenerative  cells; 
a  greater  irritant  may  destroy  the  diflFerentiated  cells  and  continue 
to  do  so  without  the  destruction  of  the  regenerative  cells.  A  still 
greater  irritant,  in  so  far  as  a  single  tissue  is  concerned,  may  destroy 
both  diflFerentiated  cells  and  regenerative  cells. 

I  believe  it  is  fair,  in  the  light  of  these  facts,  to  assume  that 
some  kind  of  irritant,  either  in  the  mammary  acinus  or  in  the  im- 
mediate stroma  of  the  acinus,  causes  a  degeneration  of  the  par- 
enchyma, because  in  the  condition  which  is  called  chronic  mastitis 
the  parenchyma  is  frequently  seen  to  be  necrotic  and  exfoliated  into 
the  lumen,  although  the  cells  of  the  outer  row  remain  intact. 
Associated  with  such  a  condition  one  also  frequently  finds  both 
hypertrophy  and  hyperplasia  of  the  outer  row  of  cells.  Such 
hyperplastic  cells  show  mitotic  figures  and  irregularities  of  size 
and  shape  coincident  to  karyokinesis.  The  cells  themselves  also 
are  often  distinguishable  from  the  cells  of  carcinoma  of  the  breast. 
This  fact  has  led  to  a  study  of  the  morphology  of  cancer-cells,  the 
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results  being  very  surprising  when  considered  in  the  light  of  morpho- 
logic qualities  which  have  been  thought  to  be  so  characteristic  of 
cancer-cells. 

During  this  study  cells  of  cancer  were  examined  in  a  fresh  un- 
fixed condition  within  from  two  to  five  minutes  of  the  time  their 
circulation  was  cut  off.  Under  such  circumstances  there  are  cells 
which  are  almost  perfect  spheres,  and  possess  a  single  spheric 
nucleus  containing  one  or  more  spheric  or  oval  nucleoli.  There 
are  many  cells  which  are  ovoids,  and  likewise  contain  perfect  nuclei 
and  nucleoli.  In  the  same  microscopic  field  one  also  finds  spheric 
or  oval  planes  of  cells  of  diflFerent  sizes,  some  without  nuclei  and 
nucleoli,  some  with  nuclei  and  without  nucleoli,  and  some  with 
various  sized  nuclei  and  nucleoli. 

In  material  which  is  perfectly  fresh,  and  even  in  that  which  is 
not  perfectly  fresh,  there  are  some  perfect  spheric  and  ovoid  cells, 
these  being  apparently  more  common  in  perfectly  fresh  tissue,  the 
dominating  cells  being  really  portions  of  cells  or  cells  in  which  the 
outlines  of  the  cell  itself,  the  nucleus,  and  nucleoli,  are  distorted 
and  indistinct.  These  qualities  I  beheve  are  the  results  of  an 
autolytic  process  which  apparently  occurs  in  many  cells  of  neo- 
plasms in  the  body,  and  very  soon  after  the  circulation  of  the  tissue 
is  cut  off. 

The  close  resemblance  of  apparently  perfect  cancer-cells,  from 
diflFerent  organs,  to  the  cells  which  have  been  described  in  secondary 
cy  toplasia  of  the  same  and  diflferent  organs,  has  suggested  the  possi- 
bility that  many  of  the  morphologic  irregularities  of  the  cancer- 
cell  which  have  been  described  are  in  reality  artefacts  which  are 
due  to  autolysis  and  the  cutting  of  the  cell  in  various  planes  in  the 
process  of  making  thin  sections.  This  seems  plausible,  since  many 
cancer-cells  are  20  micromillimeters  in  diameter,  a  condition  which 
allows  the  same  cells  to  be  cut  many  times  in  the  process  of  making 
thin  serial  sections.  This  would  take  place,  however,  in  sections 
of  any  thickness,  but  the  thinner  the  section,  the  fewer  will  be  the 
number  of  perfect  cells  present.  This  is  especially  more  likely  to 
be  true  in  the  case  of  cancer-cells,  because  they  are  usually  massed 
in  contradistinction   to   the  great  regularity  of  arrangement  of 
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normal  tissue-cells.  In  a  fresh  unfixed  condition  the  cytologic 
albumin  is  not  coagulated — it  retains  its  translucency  and  enables 
one  to  examine  thicker  sections,  which,  in  my  experience,  have  con- 
tained proportionately  many  more  perfect  cells  than  are  found  in 
fixed  sections. 

These  observations  have  allowed  the  generalization  that  the 
cancer-cell  and  the  intra-acinic  hyperplastic  cell  of  the  germina- 
tive  layer  are  practically  always  perfect  cells  with  the  character- 
istics of  the  component  parts  of  a  perfect  cell,  the  variations 
which  have  been  described  being  largely  due  to  cytologic  post- 
mortem autolysis,  cytologic  antemortem  disintegration,  natural 
variation  in  site  and  shape  coincident  to  mitosis,  and  the  fact  that 
the  cells  are  cut  in  various  planes. 

The  difiference  between  the  intra-acinic  cells  of  secondary  cyto- 
plasia  which  have  not  been  considered  to  be  cancer  and  unmistak- 
able cancer-cells  presents  itself  as  the  next  problem.  Since  the 
difference,  in  my  experience,  is  not  one  of  morphology,  it  seems 
quite  natural  to  direct  attention  to  function,  it  being  well  known  to 
cytologists  that  cells  with  apparently  the  same  morphology  may 
have  different  functions. 

Briefly,  one  may  simply  state  that  the  only  apparent  and  as 
yet  positively  demonstrated  difference  between  the  cancer-cell 
and  the  cell  of  secondary  cytoplasia  consists  of  a  difference  in  loca- 
tion, the  one  being  intra-acinic  and  the  other  extra-acinic.  The 
line  of  demarcation  is,  however,  not  so  sharp  as  this  might  seem^ 
because  many  acini  may  be  seen  in  which  there  is  merely  a  confusion 
of  the  line  between  acinus  and  stroma,  the  line  itself  having  given 
way  to  the  presence  of  the  cells.  One  condition  fades  into  the 
other.  This  change  of  location  is  known  in  biology  as  migration, 
a  term  which,  in  its  biologic  sense,  does  not  infer  individualistic 
motility.  Whether  or  not  these  cells  are  motile  remains  to  be 
proved.  Regardless  of  the  manner  of  migration  the  condition  may 
be  correctly  spoken  of  as  a  migratory  condition  or  a  migratory  cyto- 
plasia of  the  regenerative  cells. 

The  next  important  consideration  in  the  analysis  of  the  observa- 
tions upon  the  genealogy  of  the  cancer-cell  is  speculative,  but  is 
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speculative  with  the  strong  support  of  analogy  to  fundamental 
activities  of  living  matter  in  general.  As  has  been  stated,  observa- 
tions show  that  regenerative  cells  of  the  mammary  parenchyma 
are  hypertrophic,  hyperplastic,  and  migratory  in  the  presence  of 
a  condition  of  the  acinus,  which  has  long  been  considered  to  be 
chronic  inflammation.  It  is  well  established  that  tissue-cells  are 
derived  by  a  process  of  diflferentiation  of  cells  which  do  not  possess 
the  final  qualities  (functional  or  morphologic)  of  the  tissue-cells 
which  they  produce.  It  is  also  well  established  that  hypertrophy 
of  the  cell  is  one  of  the  associates  or  manifestations  of  activity,  and 
that  hyperplasia  means  reproduction. 

It  is  quite  logical  to  assume  also  that  hypertrophy,  hyperplasia, 
and  migration  are  aroused  by  stimuli  which  act  upon  the  cell, 
and  that  in  unicellular  and  multicellular  life  the  most  significant 
of  cytologic  functions  is  the  protection  of  life  itself,  the  three  most 
important  means  of  vital  protection  being  alimentation,  reproduc- 
tion, and  migration.  These  vital  manifestations  are  so  intimately 
interrelated  that  it  is  impossible  to  state  which  is  the  most  impor- 
tant. Certainly  extinction  of  kind  would  occur  if  these  fundamental 
phenomena  did  not  occur,  and  certainly  there  is  no  reason  to  be- 
lieve that  the  cells  of  the  human  body  differ  in  these  fundamentals 
from  the  rest  of  life;  moreover,  all  of  these  are  too  obviously  present 
in  the  human  organism  to  be  discussed.  In  the  light  of  these 
principles  the  regenerative  cell,  when  stimulated  by  one  or  more 
of  certain  imknown  stimuli,  may  be  viewed.  Under  such  abnormal 
environment  the  end-products  of  differentiation  are  prevented — 
the  cell  becomes  hypertrophic  in  its  effort  to  carry  out  its  com- 
munistic function.  In  the  presence  of  a  slowly  destructive  agent 
it  reproduces  probably  to  protect  its  kind,  and  in  the  presence 
of  continued  abnormal  environment  it  migrates.  This  seems  to  be 
a  very  simple  biologic  interpretation  of  histologic  observations  and 
their  correlation  with  known  biologic  facts.  This  apparently  pro- 
tective cytologic  acti^nty,  it  is  true,  is  destructive  to  the  whole 
organism,  but  as  a  result  of  attempted  regeneration  this  is  not  con- 
trary' to  the  activities  of  regeneration  in  other  organisms,  or  even 
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the  human  organism,  in  which  communistic  welfare  is  not  always 
considered. 

Thus  Morgan  states,  in  writing  upon  this  subject:  "In  certain 
cases  of  regeneration  it  can  be  shown  that  the  result  is  entirely 
useless,  or  even  injurious  to  the  organism;  hence  the  teleologic 
nature  of  the  process  is  entirely  lost  sight  of,  and  we  are  the  more 
ready  to  accept  a  simple  causal  explanation  of  the  phenomena. 
The  best  example  of  this  that  I  can  give  is  the  development  of  a 
tail  at  the  anterior  end  of  a  posterior  piece  of  an  earthworm. 
This  process  is  not  an  occasional  one,  but  is  constant.  An  example 
of  an  apparently  useful  result,  so  far  as  the  individual's  well-being 
is  concerned,  but  entirely  useless  from  the  point  of  view  of  the  con- 
tinuance of  the  species,  is  found  in  the  development  in  the  earth- 
worm of  a  new  head  after  the  removal  of  the  anterior  end,  includ- 
ing the  reproductive  region.  New  reproductive  organs  are  not 
formed,  and  although,  in  virtue  of  the  regeneration  of  a  new  head, 
the  individual  is  capable  of  carrying  on  its  existence,  yet  the  race  of 
earthworms  is  not  thereby  benefited.  The  production  of  two 
tails  in  lizards,  or  of  two  or  more  lenses  in  the  eyes  of  newts,  are 
examples  of  the  regeneration  of  superfluous  structures. 

"If,  however,  it  is  claimed  that  in  the  large  majority  of  cases 
the  process  of  regeneration  is  for  the  welfare  of  the  individual,  and 
for  the  race  also,  this  must  be  admitted,  and  it  is  this  fact  which 
has  made  a  deep  impression  on  the  minds  of  many  biologists." 

He  further  states:  "As  Fischel  (1900)  has  pointed  out,  the 
response  is  sometimes  not  adaptive,  as  when  two  lenses  develop 
in  the  same  eye  in  the  salamander,  and,  we  may  add,  as  when  an 
antenna  develops  in  certain  Crustacea  in  place  of  an  eye,  or  as  when 
a  tail  develops  instead  of  a  head,  or  a  head  in  place  of  a  tail." 

The  deduction  from  the  observations  which  have  led  to  this 
discussion  may  be  briefly  summarized  in  a  generalization;  cancer- 
cells  in  the  mammary  gland  evolve  from  the  germinative  or  re- 
generative cells  of  the  parenchyma  of  this  organ,  and  probably 
represent  a  cytologic  protective  migratory  hyperplasia  which 
acts  in  accord  with  biologic  laws  which  are  often  not  compatible 
with  communistic  or  organic  life.     This  generalization  has  been 
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substantiated  also  by  observations  in  the  prostatic  gland  (Fig.  267), 
the  hau--folliele  (Fig.  268),  skin  (Fig.  269),  lymph-gland,*  blood* 
and  stomach  (Fig.  270) .  The  relation  which  exists  between  these 
tissues  and  their  germinative  or  regenerating  cells  in  reaction  to 
degrees  of  quality  or  quantity  of  irritation  may  represent  a  f unda- 
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Fig.  267. — The  prostatic  epithelium  presents  the  same  arrangement  of  cells  with  the  tame  cyto- 
logic characteristics  which  are  found  in  the  breast. 
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Fig.  268. — ^The  principal  c\'toIogic  changes  which  occur  in  the  hair-follicle  in  chronic  folliculitis 
are  seen  in  the  germinal  celU,  which  present  the  same  cytologic  characteristics  which  are  seen  in  the 
mammary  acini  when  undergoing  a  condition  of  epithelial  hyperplasia. 


mental  principle  which  will  be  applicable  to  all  tissues.  In  view  of 
this  possibility,  and  as  a  stimulus  to  further  investigations  of  re- 
generation of  tissues  in  relation  to  neomorphosis,  it  may  be  well  to 
group  the  tissues  of  the  body  and  apply  the  same  terminology  to 
*  The  work  upon  these  organs  has  not  been  completed  for  publication. 
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the  biologic  position  of  these  cells.  If  one  traces  the  life-history  of 
the  mammary  epithelium  (Fig.  263),  one  begins  with  the  ectoderm 
of  the  three-layer  stage  of  embryologic  development.  This 
layer  of  partially  differentiated  epithelium  becomes  more  highly 
developed  to  form  the  so-called  skin  of  the  embryo.  At  first  it  is 
compo^d  of  one  layer  of  low  cuboid  cells,  which,  with  further  de- 
velopment, becomes  diflferentiated  to  form  two  or  more  layers  of 
cells,  the  superficial  layers  differing  from  the  first  or  basal  layer  in 
being  flatter  or  less  cuboid,  with  their  long  axes  parallel  with  the 
surface  of  the  body. 


Fii(.  266. — Cytoloinc  differentiation  of  the  ectoblasttc  cells.  The  ectoblastic  cells  become  differen- 
tiated into  the  celU  of  the  stratum  germinativum  of  the  embryonic  skin.  The  cells  of  the  stratum 
germinativum  become  further  differentiated  into  the  germinal  cells  of  the  mammary  glands,  sweat- 
glands,  sebaceous  glands,  hair,  nails,  and  epidermis.  The  germinal  cells  of  these  organs  Income  further 
differentiated  into  the  milk-producing  cell  of  the  breast,  the  sweat-producing  cell  of  the  sweat-gland,  the 
fat-Droducing  cell  of  the  sebaceous  gland,  the  hair  of  the  skin,  the  naib  of  the  skin,  and  the  epidermis 
of  the  skin. 


With  both  antenatal  and  postnatal  development  the  superficial 
layers  become  more  differentiated  and  less  like  their  immediate 
predecessors,  the  basal  layer,  which,  in  this  stage,  the  embryolo- 
gists  have  termed  the  "stratum  germinativum"  of  the  skin  or  the 
germinating  layer  of  the  epidermis. 

The  history  of  the  cells  of  this  layer  proves  that  they  pK>ssess 
the  power  of  divergence  into  several  structural  and  functional  de- 
rivatives.    It  may  be  spoken  of  as  a  plastic  layer,  at  least  in  the 
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monly  accepted  as  a  clinically  benign  condition.  The  third  condi- 
tion is  malignant,  and  second  cytoplasia  with  our  present  knowl- 
edge is  still  doubtful  as  to  malignancy  or  benignancy,  and  repre- 
sents a  group  which  has  been  variously  considered  by  both  patholo- 
gists and  clinicians — a  group  which  has  caused  endless  confusion  to 
the  pathologist  and  clinician. 

The  terminology  of  the  classification  which  is  herewith  pre- 
sented consists  of  well-known  and  accepted  terms.  It  expresses 
in  its  first  word  the  stage  of  cytologic  activity  in  response  to  irrita- 
tive stimuli;  the  second  word  denotes  the  tissue,  the  generative 
cells  of  which  are  involved  in  the  neoplastic  condition;  the  third 
word  is  merely  a  term  which  signifies  condition  of  cells.  Thus  by 
such  an  expression  as  primary  fibrocytoplasia  is  meant  that  there 
is  a  condition  of  primary  reaction  to  the  regenerative  cells  of  fibrous 
connective  tissue. 

In  secondary  fibrocytoplasia  there  is  a  hyperplasia  of  the  fibro- 
blasts, which  are  not  differentiated  into  fibrous  connective  tissue, 
plus  a  localized  absence  of  fibrous  connective  tissue. 

In  tertiary  or  migratory  fibrocytoplasia  there  is  an  absence  of 
fibrous  connective  tissue,  plus  a  migration  of  the  hyperplastic 
fibroblasts. 

In  a  primary  reaction  there  is  an  attempted  if  not  complete 
reproduqition  of  the  specific  cells.  In  a  secondary  reaction  there  is 
a  failure  to  reproduce  specific  cells  plus  an  overgrowth  of  regenera- 
tive cells.  In  the  third  reaction  there  is  a  migration  of  the  hyper- 
plastic regenerative  cells. 

This  conception  of  the  evolution  of  neoplasms  standardizes  the 
science  of  neoplasms  and  allows  complete  correlation  of  clinical 
observation  with  cytologic  activity  and  forms  the  basis  of  an 
accurate  determination  of  the  clinical  value  of  pathologic  data.* 
*  See  references,  page  897. 


IX.    THE  RELATION  BETWEEN  CHRONIC 

MASTITIS  AND  CARCINOMA  OF 

THE  BREAST  * 

WILLIAM  CARPENTER  MACCARTY  AND  EDMUND  H.  MENSING 


Certain  questions  and  their  answers  have  evolved  from  a  study 
of  967  mammary  carcinomas  and  406  simple  chronic  mastitides 
in  the  Mayo  Clinic. 

1.  Is  carcinoma  always  associated  with  chronic  mastitis?  By 
chronic  mastitis  is  meant  the  presence  of  one  or  more  of  the  fol- 
lowing conditions:  fibrosis,  hyalinized  fibrosis,  lymphocytic  infil- 
tration; distortion,  partial  or  complete  destruction  of  the  glandular 
groups;  obliteration  or  dilatation  of  acinic  lumina;  atrophy , hyper- 
trophy, or  hyperplasia  of  the  parenchyma.  In  this  series  of  cases 
the  association  was  constant. 

2.  Is  chronic  mastitis  always  associated  with  carcinoma?  In 
our  experience  it  certainly  was  not.  There  were  967  chronic  mas- 
titides with  carcinoma  and  406  simple  chronic  mastitides.- 

3.  Are  there  any  facts  relative  to  a  possible  precancerous  con- 
dition in  chronic  mastitis  which  point  to  a  possible  etiologic  rela- 
tionship between  chronic  mastitis  and  carcinoma?  There  are  three 
distinct  conditions  of  cellular  activity  in  the  parenchyma  of  the 
mammary  acinus  which  bring  chronic  mastitis  and  mammary  car- 
cinoma into  intimate  association,  and  legitimately  prohibit  the 
consideration  of  the  one  condition  without  a  consideration  of  the 
other. 

In  the  mammary  acinus,  which  is  the  structural  and  functional 
unit  of  the  mammary  gland,  there  are  two  rows  of  cells — an  inner 
row,  composed  of  cuboid  or  columnar  cells,  the  long  axes  of  which 

*  Read  before  the  Southern  Minnesota  Medical  Society,  December  1,  1915. 
Reprinted  from  St.  Paul  Med.  Jour.,  1916,  xviii. 
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are  parallel  to  the  radii  of  the  acinus,  and  an  outer  row,  the  cells 
of  which  are  oval  or  spheroid.  The  latter  cells  he  between  the 
cuboid  or  columnar  cells  and  the  connective-tissue  stroma,  with 
their  axes  parallel  to  the  circumference  of  the  acinus.  The  promi- 
nence of  the  outer  row  varies  considerably  in  different  specimens, 
but  it  is  invariably  present  in  the  condition  of  chronic  mastitis. 

In  chronic  mastitis  the  cells  of  the  inner  row  are  found  fre- 
quently displaced  toward  the  center  of  the  acinus;  they  are  fre- 
quently exfoliated  and  necrotic.  In  the  presence  of  such  a  condi- 
tion of  exfoliation  or  displacement  the  cells  of  the  outer  row  are 
hypertrophic  and  often  hyperplastic.  The  cells  of  the  inner  row 
are  occasionally  absent,  and  the  lumen  of  the  acinus  is  seen  to  be 
filled  with  hyperplastic  cells  of  the  outer  row.  The  latter  cells 
present  morphologic  characteristics  which  make  them  indistin- 
guishable from  the  cells  of  mammary  carcinoma,  although  they  are 
not  present  in  the  stroma. 

The  line  of  demarcation  between  the  acinus  and  stroma  is  some- 
times confused,  thereby  making  it  impossible  accurately  to  state 
whether  or  not  one  is  dealing  with  carcinoma  (see  appended  liter- 
ature). 

The  presence  of  two  rows  of  cells,  namely,  the  differentiated 
inner  row  and  the  undifferentiated  or  partially  differentiated  outer 
row,  has  been  termed  primary  epithelial  cyioplasia.  The  absence 
of  the  differentiated  cells,  plus  the  presence  of  hyperplastic  undiffer- 
entiated or  partially  differentiated  cells,  has  been  termed  secondary 
epithelial  cyioplasia,  and  this  condition,  plus  the  invasion  of  the 
stroma  by  the  hyperplastic  cells,  has  been  termed  tertiary  or  migra- 
tory epithelial  cyioplasia.  We  have,  therefore,  three  distinct  his- 
tologic pictures  in  chronic  mastitis;  the  first  is  characteristic  of  all 
chronic  mastitis,  the  second  is  characteristic  of  some  specimens  of 
chronic  mastitis,  and  the  third,  in  its  early  stages,  is  associated 
with  the  first  and  second  condition.  The  third  condition  is  the 
recognized  picture  of  carcinoma;  the  first  is  a  recognized  benign 
condition,  and,  with  our  present  knowledge,  the  clinical  signifi- 
cance of  the  second  condition  is  still  undetermined,  although  it 
represents  a  precancerous  histologic  picture. 
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From  these  facts  one  may  scientifically  state  that  there  is  cer- ' 
tainly  an  association  of  chronic  mastitis  with  carcinoma,  but  one 
cannot  scientifically  state  from  these  facts  that  chronic  mastitis  is 
the  etiologic  factor  in  mammary  carcinoma.  In  fact,  from  an 
economic  standpoint  the  immediate  question  for  the  practical 
clinician  and  surgeon  is  not  one  of  etiology,  but  one  of  association. 
Prophylactic  and  therapeutic  action  can  be  scientifically  taken 
without  a  knowledge  of  the  specific  etiologic  factor.  Such  action 
may  not  be  correct  many  years  from  now,  but  with  our  present 
knowledge  it  should  be  based  upon  what  we  now  know  of  the  clinical 
significance  of  the  three  easily  recognizable  histologic  pictures  which 
have  been  so  constantly  observed  in  a  large  series  of  specimens. 

In  comparison  with  these  observations  of  pathologic  associa- 
tion of  the  two  conditions,  certain  clinical  features  may  be  of  in- 
terest, although  important  clinical  relational  facts  cannot  be  logi- 
cally deduced.  The  average  age  of  962  patients  with  carcinomas 
was  47.9  years,  in  comparison  to  40  years  of  406  patients  with 
cases  of  simple  chronic  mastitis.  There  is,  therefore,  a  period  of 
7.9  years  which  may  possibly  represent  the  approximate  period  of 
development  of  a  malignant  process  to  the  point  of  noticeability 
by  the  patient. 

The  presence  of  a  discharge  from  the  nipple  in  8.4  per  cent,  of 
all  carcinomas  and  6.6  per  cent,  of  all  chronic  mastitides  is  appar- 
ently significant  only  in  paralleling  the  fact  that  all  cases  of  car- 
cinoma are  associated  with  chronic  mastitis. 

Trauma  as  a  possible  etiologic  factor  in  the  development  of 
chronic  mastitis  and  cancer  is  greatly  minimized  in  this  series  by 
the  comparatively  small  percentage  of  patients  in  which  this  factor 
is  recorded  in  the  history.  In  cases  of  carcinoma  of  this  series  only 
8.6  per  cent,  gave  a  history  of  trauma,  while  4.4  per  cent,  with 
chronic  mastitis  gave  a  similar  history.  These  percentages  of 
trauma  are  doubtless  filled  with  error,  from  the  standpoint  both  of 
history  taking  and  of  history  giving. 

The  fact  that  13  per  cent,  of  the  patients  with  carcinoma  and 
22  per  cent,  with  simple  mastitis  were  unmarried,  minimizes,  to  a 
certain  degree,  the  possibility  of  lactation  and  its  coincident  infee- 
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tions  having  been  an  important  r61e  in  the  development  of  either 
chronic  mastitis  or  carcinoma,  and  points  to  other  sources  of 
chronic  inflammatory  reaction  in  the  gland. 

The  wide  range  of  age  at  which  both  carcinoma  and  chronic 
mastitis  occur,  namely,  seventeen  years  for  both  conditions,  eighty- 
five  years  for  carcinoma,  and  sixty-nine  years  for  chronic  mastitis, 
is  significant  from  two  standpoints.  Clinically,  a  tumor  in  the 
breast  can  be  malignant  in  spite  of  the  fact  that  most  mammary 
tumors  in  young  women  are  benign.  Pathologically,  carcinoma  is 
not  a  condition  which  is  dependent  on  the  age  of  tissues,  but 
upon  some  other  condition  of  tissues. 

An  analysis  of  the  relation  of  clinical  diagnosis  to  pathologic 
findings  in  this  large  series  of  cases  reveals  important  facts.  Of  all 
the  cases  of  chronic  mastitis,  37.3  per  cent,  were  diagnosed  correctly 
by  the  clinician;  the  rest,  or  62.7  per  cent.,  depended  on  a  fresh 
tissue  laboratory  diagnosis.  These  percentages  are  very  high  and 
somewhat  surprising.  They  represent,  however,  a  legitimate  error 
of  trained  clinicians  who  must  begin  to  realize  that  carcinoma  starts 
as  a  microscopic  condition  which  is  not  palpable  and  is  not  visible 
through  the  skin,  and  that  at  present  there  is  no  practical  positive 
diagnostic  method  for  early  carcinoma.  This  legitimate  clinical 
error  is  also  evident  in  the  clinician's  inability  to  determine  the 
pathologic  condition  of  axillary  lymphatic  glands  in  carcinoma  of 
the  breast.  In  325  of  the  cases  there  was  a  clinical  diagnosis  of 
glandular  involvement. 

Of  these  cases,  only  120  (36.95  per  cent.)  proved  to  have  actual 
carcinomatous  glandular  involvement.  These  errors  emphasize 
the  great  value  of  immediate  fresh  tissue  diagnosis  in  connection 
with  operative  interference.  Practically  one  in  every  five  of 
these  patients  may  be  saved  from  radical  operation  if  the  surgeon 
is  accompanied  in  his  work  by  a  competent  pathologist.  From  the 
facts  which  have  been  briefly  presented  there  are  five  points  to 
be  borne  in  mind: 

1.  Carcinoma  of  the  breast  is  always  associated  with  chronic 
mastitis. 

2.  The  percentage  of  legitimate  error  in  the  clinical  diagnosis 
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of  simple  chronic  mastitis  and  carcinoma  is  62.7  per  cent,  and 
23.9  per  cent,  respectively. 

3.  The  percentage  of  legitimate  error  in  the  clinical  diagnosis 
of  the  condition  of  the  axillary  glands  is  36.9  per  cent. 

4.  There  are  three  distinct  histologic  pictures  in  chronic  mas- 
titis. At  one  extreme  there  is  a  benign  condition,  and  at  the  other 
extreme  there  is  a  malignant  condition.  The  means  which  may  be 
easily  recognized  is  at  present  doubtful. 

5.  The  association  of  the  two  conditions  is  too  close  to  allow  a 
consideration  of  the  one  without  the  consideration  of  the  other. 

From  a  standpoint  of  advice  from  the  surgical  pathologist  certain 
deductions  may  be  drawn  from  these  facts.  The  following  plan, 
which  suggests  itself  to  the  writers  after  an  extensive  experience 
with  the  pathologic  conditions  to  be  dealt  with,  and  also  an  inti- 
mate association  with  the  activities  of  surgeons,  seems  to  be  logical: 

1.  The  conditions  in  the  breast  associated  with  classic  clinical 
signs  of  carcinoma  should  be  treated  radically. 

2.  In  doubtful  cases  in  women  near  or  over  thirty-five  years 
of  age  the  entire  mammary  gland  should  be  removed  for  immedi- 
ate examination.  If  primary  or  secondary  cytoplasia  be  present, 
nothing  more  should  be  done;  if  tertiary  cytoplasia  be  present, 
a  radical  operation  should  be  performed. 

3.  In  doubtful  patients  near  or  under  thirty-five  years  of  age 
a  wide  sector  of  the  mammary  gland,  including  the  pathologic 
conditions,  should  be  removed  for  examination.  If  primary  cyto- 
plasia be  present,  nothing  more  should  be  done.  If  secondarj' 
cytoplasia  be  present,  the  rest  of  the  mammary  gland  should  be 
removed,  and  if  tertiary  cytoplasia  be  present,  the  radical  opera- 
tion should  be  accomplished. 

This  plan  avoids  incision  of  tumors.  It  removes  the  possibility 
of  unnecessary  radical  operations  and  the  consequent  physical  and 
psychic  embarrassment.  It  provides  for  a  scientific  means  of  de- 
termining more  accurately  the  stage  at  which  cancer  may  be  cured 
by  surgical  operations,  and  the  extent  of  the  operation  which  is 
necessary  to  effect  such  a  cure. 

For  references  see  page  986. 


X.     MELANOEPITHELIOMA  * 
A  Report  of  70  Cases 

ALBERT   COMPTON    BRODERS   AND   WILLIAM   CAR- 
PENTER MACCARTY 


The  variety  of  synonyms  which  have  been  applied  to  pigmented 
mahgnant  neoplasms  indicates  a  lack  of  uniformity  of  opinion  as  to 
just  what  these  tumors  are  histogenetically.  They  have  been 
described  as  "melanosarcomas,"  "melanocarcinomas,"  "melano- 
blastomas,"  "  melanomas,"  "  melanoepitheliomas,"  "  melanotic 
sarcomas"  and  "chromatophoromas."  The  majority  of  writers 
utilize  the  term  "melanosarcoma,"  which  has  its  basis  of  usage  in 
the  old  classifications  "bf  neoplasms.  These  classifications  were 
founded  upon  a  theoretic  conception  of  the  specific  origin  of  tissues 
in  the  three  embryonic  layers.  The  principal  cells  of  nevi  or  moles, 
having  been  thought  to  have  their  origin  in  connective  tissue  of 
the  skin,  were,  therefore,  mesoblastic,  and  hence  their  neoplastic 
derivatives  have  been  called  sarcomas. 

The  conception  that  the  spindle  and  oval  cells  which  are  char- 
acteristic of  melanotic  neoplasms  of  the  skin  are  of  connective- 
tissue  origin  is  founded  upon  morphology,  which  we  |re  rapidly 
learning  is  not  an  accurate  criterion  for  the  embryologic  origin  in 
any  specific  embryonic  layer.  Moreover,  the  direct  continuity  of 
the  spindle  and  oval  cells  with  the  basal  cells  of  the  skin  can  be 
readily  demonstrated  not  only  in  nevi  (Fig.  271),  but  also  in  mela- 
notic neoplasms  (Figs.  272,  273,  274,  and  275).  The  cells  of  the 
latter  condition  frequently  assume  an  alveolar  arrangement  (Figs. 
276,  277,  and  278),  which  is  very  characteristic  of  epithelial  tumors. 

*  Read  before  the  Olmsted  County  Medical  Society,  December  9,  1915.  Re- 
printed from  Surg.,  Gyn.  and  Obst.,  1916».xxii. 
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Fig.  €71. — (A91.016.)     A  section  of  a  mole  showinir  the  direct  connection  between  the  stratum  ger- 
minativum  and  the  subepithelial  cells  which  are  characteristic  of  moles. 


Fig.  272. — (80,193.)     Photomicrographs  showing  h:^pertrophic  and  hyperplastic  cells  of  the  stratum 
germinativum  of  the  skin  over  the  left  grom. 
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Fiff.  273. — (80,193.)  Photomicrographs  of  a  poriioa  of  the  same  section  (Fig.  272)  showing  a  local 
hyper^asia  with  invasion  by  the  cells  of  the  stratum  germinativum.  The  hypertrophic  celk  of  the 
stratum  germinativum  are  morphologically  identical  with  the  cells  of  the  neoplasm. 


Fig.  274. — (09,040.)    Photomicrograph  of  an  early  migration  of  the  malignant  cells  of  the  stratum 
germinativum  in  the  skin  of  the  right  labium. 
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Such  alveolar  growths  have  been  called  "alveolar  sarcomas'*  and 
"endotheliomas,"  the  latter  term  inferring  their  origin  in  the  lining 
of  vessels.  In  the  authors'  experience,  no  evidence  of  vascular 
structure  in  connection  with  the  alveolar  arrangement  has  been 
demonstrable  (Fig.  278). 

We  desire  to  utiHze  the  term  melanoepithelioma  for  the  follow- 
ing reasons: 


Fig.  275. — (80.198.)    Photomicrofirraph  of  atypical  melanoepithelioma  arising  in  the  germinal  layer  of 
the  skin.    The  cells  are  in  direct  continuity  with  the  stratum  germinativum. 

1.  If  the  old  three-layer  hypothesis  for  the  classification  of 
tumors  be  adhered  to,  it  may  be  well  to  remember  that  the  pigment- 
bearing  cells  of  the  skin  (Fig.  279),  and  perhaps  the  choroid  (Fig. 
280),  both  of  which  furnish  the  source  of  all  the  tumors  of  this 
series,  have  their  origin  in  the  ectoblastic  layer,  rather  than  the 
mesoblastic  layer.    There  still  seems  to  be,  however,  some  doubt 
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Figs.  270.  277.  278.— (80.193,80.198.  123.189.)    Sections  tbowing  an  alveoUr  arrangement  of  cells. 
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Fig.  "279. — (A67.579.)     Section  through  skin  showing  the  normal  location  of  pigment-cells. 
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as  to  the  exact  origin  of  the  pigmented  cells  of  the  choroid,  some 
authorities  believing  that  they  are  a  part  of  the  embryonic  optic 
bulb,  and  others  considering  them  a  part  of  the  mesoblastic  tissue 
which  lies  adjacent  to  the  retina  (Fig.  280). 

2.  The  downward  growths  of  spindle  and  oval  cells  of  moles  or 
nevi  and  melanotic  neoplasms  are  in  direct  continuity  with  the 
stratum  germinativum  of  the  skin  (Figs.  272,  273,  274,  and  275). 

3.  The  pigment-bearing  cells  of  normal  skin  and  of  the  down- 
ward growths  of  moles  or  nevi  are  in  the  basal  layer  (stratum 


Fig.  280. — Section  through  an  embryonic  eye  showing  the  relation  of  the  choroid  to  the  retina. 

germinativum),  and  not  in  the  subjacent  connective  tissue  (Figs. 
272,  273,  and  274). 

4.  In  accord  with  more  recent  observations  of  the  histogenesis 
of  epithelial  neoplasms,  they  arise  directly  as  a  proliferation  of  the 
germinative  or  regenerative  cells  of  the  parenchyma  of  organs,  and 
not  from  either  the  differentiated  cells  or  from  "cell  rests." 

The  cells  of  melanoepitheliomas  may  be  oval  (Fig.  281,  a)  or 
spindle  (Fig.  281,  6);  all  cells  do  not  contain  pigment  (Fig.  281, 
a,  6,  c). 

In  our  series  of  70  cases  the  condition  arose  in  both  flat  (Fig. 
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Figs.  881. — (105,603  and  S6,641.)    High  (a,  6,  e)  power  phoiomicrographt  showing  Tariety  of  celU 
which  are  found  in  melanoepithelio 
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282)  and  pedunculated  (Fig.  283)  pigmented  areas  of  the  skin.  The 
local  growth  may  be  discovered  when  there  is  no  apparent  invasion 
of  the  tissue  subjacent  to  the  pigmented  nevus  (Fig.  284).  In  the 
majority  of  cases,  however,  there  is  extension  to  the  subjacent 


Fig.  28£. — (57.103.)    A  flat  piffmented  mole  upon  the  inner  side  of  right  leg,  metastasis  in  the  right 
inguinal  glands;  death  within  a  year  from  operation. 


Fig.  283. — (123,18^2.)    An  elevated,  almost  pedunculated,  pigmented  malignant  neoplasm  upon  the 

left  internal  malleolus. 


structures  (Fig.  285).    Pigment  may  6ccupy  a  large  (Figs.  284  and 
286)  or  small  part  of  the  tumors  (Fig.  285). 

The  pathogenicity  of  this  type  of  neoplasm  may  be  seen  to  best 
advantage  in  the  following  tables: 
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Average  age  of   patients,   forty-nine  years. 
Number  patients  between  the  ages  of  20  and  30  years 


'30 
'40 
'50 
'60 
'70 
•80 


40 
50 
60 
70 
80 
90 


Total. 


.13 
.14 
iO 
.  8 
.  7 
.    1 

.70 


3.  Oldest  patient,  eighty-four  years;   youngest,  twenty-one  years. 

4.  Average  duration  of  lesion  before  examination,  eleven  years.^ 

5.  Number  of  lesions  which  had  their  origin  in  birthmarks  (ne\*i,  warts,  or 

moles) 35  (50  per  cent). 

Number  of  lesions  which  had  their  origin  in  miscellaneous  pigmented  areas, 

not  typical  moles H 

Number  of  lesions  which  had  their  origin  in  the  eye 4 

Number  of  lesions  with  origin  unknown 7 

6.  Size  of  largest  lesion  was  that  of  an  orange. 
Size  of  smallest  lesion  was  that  of  a  pea. 

7.  The  following  anatomic  locations  of  original  growths  were  noted: 


Scalp 

Eye 

Ear 

Nose .    .  . 

Cheek 

Jaw 

Chin 

Neck 

Shoulder 3 

Deltoid 

Hand 

Thumb 

Breast 

Chest 

Back 

Alxiomen 

Labium 

Urethra 

Groin 

Hip 

Thigh 

Leg 

Internal  malleolus 

Ankle 

Heel 

Foot 

Toe 

Not  stated 


Total . 


70 


*  This  figure  is  only  approximately  correct,  on  account  of  the  patient's  inability 
to  remember  l)oth  the  first  appearance  of  moles  and  slight  changes  which  take  place 
in  them. 
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f  Regional  lymphatic  glands ....  36  cases 

8.  Anatomic  location  of  metastases  \  t  .^°^^ ^     „ 

Liver 2     " 

[  Ovary 1  case 

9.  Number  of  patients  with  a  history  of  previous  operation S9 

10.  Number  of  specimens  excised  for  diagnosis 21 

11.  Number  of  correct  clinical  diagnoses  41  (Out  of  70  (58.6  percent.)  cases) 

'*   doubtful      •'  "         27  (Out  of  70  (38.6  per  cent.)     "  ) 

**   incorrect      "  "  2  (Out  of  70  (  2.8  per  cent.)     "  ) 

12.  The  number  of  patients  operated  on  between  April,  1904,  and  January, 
1915,  that  have  been  heard  from  directly  or  indirectly  by  letter 38 

The  mortality  for  patients  operated  on  between  April,  1904,  and  January, 

1915,  that  have  been  heard  from  is 33,  or  86.8  per  cent. 

The  number  of  patients  dying  within  one  year  from  last  operation     24  (63.2%) 

two  years     "       "  "  4  (10.5%) 

"      four *  '•  1  (  2.6%) 

"        "            "           '*      eight    "         •*       "           '*  1  (  2.6%) 

Dead,  date  unknown 3  (  7.9%) 

Total 33 

The  number  of  patients  operated  on  between  April,  1904,  and  January,  1915, 
that  have  been  heard  from  and  are  li\nng: 

1  year   from  last  operation 2  (5.3  per  cent.) 

2  years     "       '*  "        1  (2.6  per  cent.) 

3  *'         **       "  "        2  (5.3  per  cent.) 

Total 5  (13.2percent.) 

Dead  with  metastasis  at  end  of  1  year   after  operation 23 

"   .     "  "  "    "     "  2  years     "  "        4 

..  ..    4  M  »  ..  J 

**        *'  "        date  unknown 1 

Dead  without  demonstrable  metastasis  at  last  operation  at  end  of  1  year 1 

*•    "  "  "    "     "8  years* 1 

"    **  **         date  unknown 2 

"     with  "  "  *•    "  "         29  out  of  33  (87.9  per  cent.) 

First  year  deaths  with  demonstrable  metastasis,  23  out  of  24  (95.8  per  cent.). 

Living  with  demonstrable  metastasis  at  last  operation  at  end  of  1  year 1 

"    •*  '•  "    "     "  2  years 1 

"    without        **  '*  **    "  **  **    **     "  1  year 1 

3  years 2 

Average  duration  of  life  after  last  operation,  11  months,  3  days.f 


The  conclusions  which  may  be  drawn  from  the  above-mentioned 
facts  are: 

1.  The  so-called  "melanosarcoma**  should  be  called  properly  a 
melanoepithelioma  when  such  a  condition  arises  in  the  skin  or  eye. 

2.  The  condition  arises  as  a  migratory  hyperplasia  of  the  basal 
(regenerative  or  germinative)  layer  of  the  skin,  and  invades  the  sub- 

•This  case  possessed  a  melanoepithelioma  which  had  arisen  in  the  choroid. 
t  This  figure  includes  the  eye  case  which  lived  eight  years  after  operation. 
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Fig.  284. — (70,011.)     Crots-section  through  a  mali^ant  pigmented  hair  mole  upon  the  right  cheek. 
The  neoplasm  has  not  extended  visibb'  into  the  subGutaneous  tissues. 


Fig.  285. — (132,905.)  Cross-section  showing  the  extension  of  a  growth  from  a  pigmented  mole 
into  the  subcutaneous  tissue.  The  growth  in  the  subcutaneous  tissue  lacks  pigment;  kicatioa.  right 
leg  just  below  the  knee. 
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cutaneous  tissues  and  distant  organs  as  pigmented  and  non-pig- 
mented  oval,  spheric,  or  spindle  cells,  all  of  which  cells  are  fre- 
quently found  in  the  same  specimen  or  even  in  the  same  micro- 
scopic slide. 

3.  The  evolution  of  such  neoplasms  in  regenerative  cells  corre- 
sponds to  the  evolution  of  cancer  in  the  skin,  mammary  gland, 
prostatic  gland,  and  stomach. 

4.  The  alveolar  arrangement  of  cells  in  this  series  shows  no 
evidence  of  any  relation  to  vascular  endothelium. 


Fig.  286.— (143.701.)    MetasUiic  growth  of  the  left  axillary  glands. 

5.  The  condition  is  one  of  middle  life,  although  it  may  be  found 
from  childhood  to  old  age. 

6.  An  attempt  at  determination  of  the  exact  duration  of  the 
condition  from  its  onset  to  a  fatal  termination  has  failed  in  this 
series. 

7.  There  is  no  sp)ecific  region  of  the  skin  which  seems  esp)ecially 
predisposed  to  the  development  of  melanoepitheliomas  unless  it  is 
on  the  lower  extremities,  which  in  this  series  form  the  greatest 
frequency  of  location. 


936  ALBERT  C.    BRODERS   AND   WaLLIAM   C.   MacCARTY 

8.  Nevi  certainly  predispose  to  the  development  of  the  condi- 
tion. 

9.  Metastasis  is  usually  to  the  regional  lymphatic  glands. 

10.  From  an  economic  or  practical  standpoint  melanoepithe- 
liomas  which  arise  in  the  skin  have  a  high  mortality. 

11.  Melanoepitheliomas  arising  in  the  eye  have  a  much  better 
prognosis  than  those  arising  in  the  skin. 

12.  From  a  therapeutic  standpoint  the  pathologic  history  of 
melanoepithelioma  clearly  points  to  the  necessity  of  an  early 
diagnosis  and  a  radical  removal  of  the  primary  lesion  and  regional 
lymphatic  glands. 

13.  From  a  prophylactic  standpoint  pigmented  areas  of  skin, 
such  as  warts  and  nevi,  should  be  removed  when  these  are  in  loca- 
tions which  are  or  have  been  subjected  to  injury. 
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THE  NECROPSY  AS  A  PUBLIC  SERVICE  * 

LOUIS    B.    WILSON 


The  very  careful  investigation  of  the  subject  of  postmortem 
examinations  in  the  United  States,  made  two  years  ago  by  a  com- 
mittee of  the  New  York  Academy  of  Medicine, f  showed  that  of  the 
17  large  hospitals  in  the  United  States  from  which  statistics  were 
available  for  the  years  1910, 1911,  and  1912,  the  ratio  of  necropsies 
to  deaths  ranged  from  7.3  to  62.7  per  cent.  In  only  4  was  the  per- 
centage above  25.  As  a  reason  for  these  very  low  percentages 
as  compared  with  those  of  European  hospitals,  the  committee 
states  that  "the  main  causes  of  the  difficulties  in  obtaining  per- 
mission for  necropsies  are  due — (a)  To  the  ignorance  on  the  part 
of  the  public  of  the  importance  of  necropsies  to  science,  and  there- 
fore to  the  welfare  of  the  people;  (6)  to  the  existing  inadequate 
laws;  (c)  to  th^  activity  of  undertakers  and  certain  funeral  so- 
cities;  (rf)  to  the  inadequate  rules  of  hospitals  in  this  respect; 
and  {e)  to  the  claims  of  the  department  of  anatomy." 

WTiile  the  foregoing  are,  no  doubt,  important  deterring  factors, 
I  believe  that  much  more  important  are — (a)  The  lack  of  genuine 
interest  in  postmortem  examinations  on  the  part  of  many  phy- 
sicians and  surgeons,  and  (6)  the  lack  of  a  commendably  selfish 
interest  in  postmortems  on  the  part  of  intelligent  relatives  of  the 
dead. 

Some  physicians  entirely  lack  an  interest  in  necropsies  because 
they  are  not  interested  in  accurate  vital  statistics  and  in  problems 
of  heredity  in  disease,  or  because  they  do  not  appreciate  the  value 

*  Reprinted  from  Jour.  Amer.  Med.  Assoc.,  1915,  Ixiv,  1560,  156«. 
t  ''Report  of  Public  Health,  HospiUl  and  Budget  Committee,  New  York  Acad, 
of  Med.,"  Jour.  Amer.  Med.  Assoc.,  June  7,  1913,  1784. 
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of  the  necropsy  in  the  correction  of  errors  in  diagnosis.  Possibly 
some  also  hesitate  to  bring  their  diagnoses  or  operative  procedures 
to  the  test  of  publicity  in  the  necropsy. 

Most  intelligent  laymen  will  respond  to  the  argument  that  they 
ought  to  know  the  weaknesses  of  the  members  of  their  own  families, 
but  this  argument  is  frequently  omitted  or  greatly  subordinated 
by  the  physician  proposing  that  a  necropsy  be  made.  Usually 
necropsies  are  asked  for  as  a  favor  to  the  physician,  and  rarely 
oflFered  as  a  favor  to  the  relatives. 

The  policy  of  the  desirability  of  checking  diagnoses  and  the  re- 
sults of  operative  procedures  by  the  necropsy  findings  and  of  pre- 
senting to  the  relatives  the  desirability  of  their  knowing  the  exact 
cause  of  death  and  the  presence  of  intercurrent  diseases  has  been 
followed  out  in  the  Mayo  Clinic  for  many  years.  As  a  result,  dur- 
ing the  triennial  period,  1910-1912,  in  626  deaths,  512  necropsies 
were  made,  or  81.8  per  cent.;  in  1913  there  were  269  deaths  and 
227  necropsies,  or  84.4  per  cent.;  in  1914,  293  deaths  and  258 
necropsies,  or  88  per  cent.,  while  to  date  (March  17th),  in  1915, 
there  have  been  73  deaths  with  73  necropsies,  or  100  per  cent. 

Of  the  hospitals  surveyed  by  the  committee  of  the  New  York 
Academy  of  Medicine,  which  have  patients  of  about  the  same  social 
conditions  as  those  in  the  Mayo  Clinic,  the  two  in  America  show- 
ing the  highest  percentage  of  necropsies  to  deaths  are  the  Johns 
Hopkins  Hospital  of  Baltimore  and  the  Royal  Victoria  Hospital  of 
Montreal.  During  1910,  1911,  and  1912,  the  former  had  346  post- 
mortems, or  62.7  per  cent,  of  its  deaths,  and  the  latter  had  560  post- 
mortems, or  67.6  per  cent,  of  its  deaths. 

Need  for  Necropsies 
At  present  our  most  accurate  vital  statistics  concerning  the 
cause  of  death  from  functional  and  chronic  diseases  are  derived 
from  the  records  of  patients  in  charity  hospitals.  The  charity 
patient,  who  for  years  has  been  examined  and  treated  by  physi- 
cians working  in  a  public  capacity  before  students,  or  at  least  using 
their  knowledge  for  the  teaching  of  students,  as  a  rule,  receives 
thorough  scientific  diagnosis  and  treatment;   and,  supplementing 
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this,  the  charity  patient  on  whose  body,  in  case  of  death,  a  necropsy 
is  performed,  is  the  subject  of  a  death  certificate  which  closely  ap- 
proximates the  facts.  But  we  must  recognize  that  inferences 
drawn  from  statistics  compUed  from  the  records  of  great  charity 
hospitals  are  apt  to  be  more  or  less  misleading  when  applied  to 
specific  cases  in  the  estimation  of  family  inheritance  or  life  expec- 
tancy in  the  well-to-do.  K  Mendel's  laws  are  of  any  value,  fore- 
casts of  probable  heredity  can  be  accurately  made  only  on  a  basis 
of  accurately  observed  individual  familial  incidence. 

In  all  those  fields  of  investigation  in  which  a  knowledge  of  the 
exact  cause  of  death  is  important  the  necropi^  stands  in  first 
place.  Aside  from  the  infectious  diseases  and  accidents,  most  of 
the  fatal  diseases  of  mankind  can  be  diagnosed  with  accuracy 
only  after  death  by  an  examination  of  the  body  both  grossly  and 
microscopically.  This  is  particularly  true  of  the  three  diseases 
chiefly  resulting  in  the  death  of  adults;  namely,  tuberculosis, 
cancer,  and  diseases  presenting  the  cardiovascular  renal  syndrome. 

In  the  consideration  of  facts  in  the  family  history,  diagnosticians 
and  life-insurance  examiners  will  agree  that  often  the  cause  of 
death  as  stated  by  the  patient  is  absolutely  untrustworthy,  not 
because  of  wilful  deception  on  his  part,  but  because  neither  he  nor 
his  physician  nor  any  one  else  really  knows  of  what  his  ancestors 
died;  and  yet  this  is  information  which  every  intelligent  man 
should  have  at  hand.  Every  stock-breeder  tries  to  know  not  only 
the  cause  of  death,  but  also  the  intercurrent  diseases  of  every  one 
of  his  pure-bred  animals  that  dies.  In  the  same  way  nearly  every 
intelligent  man  can  be  made  to  understand  that  he  ought  to  know 
and  has  a  right  to  know  all  the  facts  concerning  the  diseases  of  all 
the  members  of  his  family. 

In  the  presentation  of  this  argument  to  the  intelligent  layman, 
the  obvious  corollary  is  a  frank  admission  on  the  part  of  the 
physician  that  he  does  not  and  cannot  know  everything  about  the 
diseases  of  every  person,  either  by  a  clinical  or  a  surgical  examina- 
tion. If  quite  honest,  he  must  go  further  than  this  and  acknowl- 
edge also  that  even  after  a  postmortem  examination  he  cannot 
approach  absolute  accuracy  until  microscopic  examination  of  the 
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tissues  has  been  made.  He  may  say,  however,  in  presenting  the 
matter  to  the  relatives,  that  his  present  knowledge  from  the 
clinical  and  perhaps  surgical  examinations  goes  about  so  far,  that 
if  he  makes  a  careful  postmortem  examination  he  will  probably 
be  able  to  extend  that  knowledge  considerably  by  the  study  of  the 
gross  specimens,  and  that  if,  in  addition,  he  makes  a  microscopic 
examination  he  may  extend  it  yet  further,  though  he  must  honestly 
acknowledge  that  there  are  cases  in  which,  even  after  every  possible 
examination  has  been  made,  the  truth  may  yet  lie  ]beyond  his  ken. 
It  is  also  necessary  to  present  frankly  the  fact  that  it  is  not  alone 
the  general  cause  of  death  which  he  seeks  to  determine,  but  also — 
what  is  sometimes  of  much  greater  interest  to  himself  and  the  rela- 
tives— the  incidental  occurrence  of  abnormalities  or  other  diseases. 
In  making  such  acknowledgment  of  our  shortcomings  in  the  matter 
of  clinical  diagnosis,  it  may  not  be  amiss  to  refer  to  the  experience 
of  many  good  clinics  in  regard  to  inaccuracies  of  clinical  diagnoses 
as  revealed  at  necropsy.  Without  going  into  this  matter  in  detail, 
a  general  survey  of  the  statistics  furnished  from  a  number  of  large 
hospitals  where  patients  had  been  under  examination  for  a  long 
time  before  death  seems  to  show  that  clinical  diagnoses  in  car- 
cinoma are  correct  in  only  about  three-fourths  of  the  cases,  in 
tuberculosis  in  less  than  half  of  the  cases,  and  in  cardiovascular- 
renal  diseases  in  less  than  40  per  cent,  of  the  cases  which  come  to 
necropsy.  While  it  is  not  possible  to  raise  the  percentage  of 
accuracy  even  by  postmortem  diagnoses  to  100,  yet  such  great 
improvement  is  possible  by  the  necropsy  method  that  its  advantages 
are  incontestable. 

Consent  for  Necropsy 
The  average  layman  may  know  that  "modem  progress  of  med- 
ical science  and  the  proper  development  of  medicine  in  the  future 
are  closely  correlated  with  the  use  of  the  cadaver  for  postmortem 
examination, "  but  he  is  not  therefore  suflSciently  interested  to  per- 
mit a  postmortem  on  the  body  of  his  relative.  The  matter  must 
appeal  to  him  personally.  Some  men  may  be  made  to  feel  that 
they  are  under  obligation  to  give  the  attending  physician  a  chance 
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to  review  his  antemortem  observation.  Some  may  be  reached  by 
the  appeal  that  a  postmortem  study  of  the  cases  in  which  they  are 
interested  may  immediately  help  in  the  diagnosis  or  treatment  of 
other  similar  cases;  but  the  one  argument  which  appeals  most  to 
intelligent  men  is  that  they  ought  to  know  exactly,  not  only  the 
cause  of  death,  but  also  the  incidental  diseases  of  every  member 
of  their  families.  If  we  can  get  this  point  of  view  to  be  taken  by 
the  relative,  his  ignorance  of  the  importance  of  the  necropsy  to 
science,  the  existence  of  inadequate  laws  and  hospital  rules,  the 
objections  of  undertakers  and  burial  societies,  and  the  just  cause 
of  anatomists  will  all  become  as  nothing  and  he  will  not  only  per- 
mit but  will  insist  on  a  necropsy,  and  moreover,  he  w^ill  often  de- 
mand a  written  report  of  the  findings.  It  is  to  this  commendable, 
intelligent  self-interest  that  we  should  appeal  in  our  arguments  for 
necropsies.  The  most  unyielding  objections  are  based  on  mistaken 
religious  scruples,  yet  even  against  these  progress  is  possible  and 
some  of  the  clergy  of  the  most  conserv^ative  churches  are  now  ad- 
vising necropsies. 

In  relation  to  the  details  of  presenting  the  subject  of  necropsy 
to  the  relatives  of  the  deceased  there  are  many  important  points 
which  are  sometimes  overlooked.  One  of  the  long-established 
customs  we  long  ago  found  it  necessary  to  correct  was  that  of  hav- 
ing any  one  who  chose  to  do  so  present  the  matter.  We  recognized 
that  this  must  be  done  by  one  person  only.  It  took  more  than  a 
year  in  our  clinic  to  change  the  customs  of  the  institution  so  that 
the  pathologist  invariably  should  be  called  immediately  on  the 
death  of  a  patient,  and  that  he  and  he  only  should  make  any  sug- 
gestions to  the  friends  concerning  the  postmortem.  It  frequently 
happened  in  the  early  days  that  the  good  intention  of  sisters, 
nurses,  surgeons,  or  clinicijans  in  broaching  the  subject  resulted  in 
a  very  positive  refusal.  Formerly  it  was  difficult  to  get  the  under- 
taker to  wait  until  the  necropsy  was  made  before  beginning  his 
operations.  This  was  overcome  by  conducting  the  necropsy  as 
soon  as  consent  had  been  obtained,  at  any  hour  of  the  day  or  niglit. 
Most  important  is  the  establishment  of  a  reputation  for  honesty 
and  frankness  in  reports  to  the  relatives.     At  the  first  interview 
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the  place  and  time  for  a  formal  report,  after  the  necropsy  and 
preliminary  microscopic  examination  have  been  made,  should  be 
arranged  for. 

For  a  time  consent  was  obtained  only  by  the  chief  pathologist; 
then  in  later  years  by  the  first  assistant  in  pathology.  More  re- 
cently the  work  has  been  turned  over  to  the  Senior  Fellow  in 
Pathology.  This  man  must  have  been  a  graduate  of  a  good  med- 
ical school  and  have  had  one  year  in  a  general  hospital  before  com- 
ing on  service  as  a  Fellow.  He  serves  six  months  as  junior,  during 
which  time  he  listens  to  his  senior's  requests  for  necropsies,  but 
makes  none  himself  except  in  emergencies.  He  then  serves  six 
months  as  a  senior,  during  which  time  he  makes  requests.  Of 
course,  there  is  considerable  diflPerence  in  the  personality  of  differ- 
ent men  coming  on  this  service,  chosen  as  they  are  from  all  sections 
of  the  country  and  from  different  medical  schools.  The  fact,  how- 
ever, that  the  necropsy  service  has  not  fallen  below  80  per  cent, 
in  the  last  four  years  is  sufficient  evidence  that  it  is  not  all  a  matter 
of  personality,  but  more  largely  a  matter  of  training  in  placing 
proper  arguments  before  the  relatives. 

In  the  Postmortem  Room 

As  soon  as  possible  after  consent  for  a  postmortem  has  been 
obtained  the  necropsy  is  made.  This  gives  us  a  better  knowledge 
of  the  condition  of  the  body  than  is  possible  if  a  long  delay  has 
occurred.  It  gives  better  material  for  microscopic  examination. 
It  gives  the  undertaker  a  chance  to  do  his  work  properly.  The 
Senior  Fellow  is  the  chief  operator  at  the  necropsy;  the  Junior 
Fellow  is  his  first  assistant,  and  another  Fellow  in  Pathology  acts 
as  clerk. 

The  Death  Certificate 

The  cause  of  death,  as  stated  in  the  usual  death  certificate,  is 
frequently  inaccurate  and  often  misleading.  This  is  true  in  some 
instances  even  in  which  necropsies  have  been  made.  Many 
diseases,  particularly  the  chronic  infectious  granulomas,  neoplasms, 
and  those  involving  the  cardiovascular  and  renal  organs,  require 
microscopic  evidence  before  a  correct  judgment  can  be  formed  of 
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the  essential  cause  of  death;  but  the  death  certificate  must  be 
signed  before  such  a  microscopic  examination  can  be  made.  There 
is  no  provision  for  the  correction  of  the  original  certificate  after 
this  further  knowledge  has  been  obtained.  It  would  seem  that 
in  order  to  complete  public  records  for  statistical  purposes  a  pre- 
liminary report  might  be  made  which  should  be  sufficient  on  which 
to  issue  a  burial  permit,  but  the  final  record  of  the  case  should 
have  added  to  it  any  data  which  were  subsequently  obtained  by  the 
pathologic  examination  of  microscopic  sections,  chemical  analyses, 
etc.  Such  records,  if  made  by  competent  and  careful  observers, 
would  greatly  increase  the  value  of  our  vital  statistics. 

Giving  Information  to  Relatives 
It  is  futile  to  expect  laymen  to  be  interested  in  or  to  give  con- 
sent for  necropsies  on  the  bodies  of  their  dead  relatives  unless  they 
are  told  honestly,  fully,  and  in  simple  language  just  what  the 
findings  are.  If  all  pathologists  would  pursue  this  policy,  not 
shrouding  their  work  with  mystery,  but  explaining  everything  in 
a  perfectly  matter-of-fact,  business-like  way,  being  careful  to  make 
themselves  clearly  understood  and  being  willing  to  spend  con- 
siderable time  with  the  relatives  in  elucidating  not  only  the  actual 
findings,  but  also  the  possible  meaning  of  these  findings  to  the  fam- 
ily of  the  deceased,  the  public  would  soon  come  to  realize  the  desir- 
abihty  of  having  necropsies  performed.  Also,  there  would  be 
implanted  a  wide-spread  knowledge  of  means  of  safeguarding 
against  certain  forms  of  disease,  for  example,  tuberculosis,  syphilis, 
and  cancer.  Lessons  mordanted  in  by  grief  sink  deeply.  We  can 
do  vastly  more  to  spread  a  knowledge  of  disease  in  heart-to-heart 
talks  with  sorrowing  relatives  than  we  can  by  talking  to  the  public 
in  masses  in  lecture  rooms  when  they  would  rather  be  at  a  moving- 
picture  show.  True,  intelligent  laymen,  by  reason  largely  of  the 
campaign  of  education  conducted  by  the  American  Medical  Associa- 
tion and  various  boards  of  health,  have  already  wide  enough  knowl- 
edge of  cancer  and  tuberculosis  so  that  the  indolent  physician  may 
not  with  impunity  "watch"  such  patients  into  the  grave.  It  is  to 
be  hoped  that  the  time  will  come  when,  similarly,  laymen  will  have 
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Abdominal  hysterectomy  for  cancer  of 
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lesions,  differential  diagnosis,  194 
pain  in  angioneurotic  edema,  825 
wall,  desmoid  tumors  of,  655 
Abscess,  alveolar,  19 
cold,  of  tongue,  6 
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in  diagnosis  of,  316 
classification  of,  311 
cortical  abscess  as  cause,  813 
diagnosis  of,  316 
differential  diagnosis,  318 
etiology  of,  312 
nephrolithiasis  as  cause,  313 
phenolsulphonephthalein     test     in 

diagnosis  of,  317 
primary,  311 

pyelogram  in  diagnosis  of,  317 
pyonephrosis  as  cause,  312 
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Abscess,  perinephritic  renal,  functional 
test  in  diagnosis  of,  317 
tuberculosis  as  cause,  312 
results  after  operation,  318 
rupture  of  kidney  as  cause,  314 
secondary,  311 
subdiaphragmatic    abscess    and, 

differentiation,  318 
traumatic  perinephritis  as  cause. 

314 
treatment  of,  318 
urinalysis  in  diagnosis  of,  316 
without  renal  involvement,  315 
x-rays  in  diagnosis  of,  317 
perisplenic,  299 
peritonsillar,  599 
subdiaphragmatic,  298 

associated  with  appendicitis,  303, 
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with  gall-bladder  operations,  305 
with  perforating  gastric  ulcers, 

306 
with  peritonitis,  301,  306 
with  ruptured  duodenum,  305 

gall-bladder,  306 
with    tuberculous     lesion     else- 
where in  abdomen,  307 
diagnosis  of,  304 
dranage  in,  307 
duriation  of,  304 
etiology  of,  300 
following  focal  infection,  307 
operation  on  stomach,  306 
perinephritic   abscess   and,   differ- 
entiation, 318 
prognosis  of,  308 
symptoms  of,  303 
treatment  of,  307 
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Abscess,    subphrenic,    298.    See    also 

Abscess,  subdiaphragmatic. 
Acinus  of  mammary  gland,  904 
Adenitis,  cer\'ical,  relation  of  tonsils  to, 

GOO 
Adenoids,  large,  in  adult,  603 
Adhesions  in  splenectomy,  541 
Adrenal  rests,  888,  891 
Adrenalectomy,     flow     of     pancreatic 
juice  after,  486 
gross  anatomic  changes  after,  486 
histologic  changes  in  pancreas  after, 

496 
ulcers  of  stomach  following,  87 
Adrenals,    relation    of,    to     pancreas, 
485 
removal  of,  flow  of  pancreatic  juice 
after,  486 
gross  anatomic  changes  after,  486 
histologic     changes     in     pancreas 

after,  496 
ulcers  of  stomach  following,  87 
Albee's  inlay  bone  graft  in  ununited 

fractures  of  shaft  of  humerus,  671 
Alimentary  canal,  1 
Allen*s  treatment  of  diabetes,  478 
Alpha  iodin,  441 
Alveolar  abscess,  19 

sarcoma,  926 
Amebs  in  mouth,  25, 29 
Amebiasis,    relation   of,    to   pyorrhcea 

alveolaris,  25 
Amieba  buccalis,  25 
dentalis,  25 
gingivalis,  25 
kartulisi,  25 
oralis  hominis,  25 
Amyx's  operation  for  smaU  vesicovag- 
inal fistula,  873 
Anaemia    pseudoleuki>fmica    infantum, 

splenectomy  in,  522 
Anatomic  development,  errors  in,  865 
cause  and  surgical  significance, 
865 
Anemia,  hemolytic,  pathology  of  spleen 
in,  506 
splenectomy  in,  513 


Anemia,  pernicious,  pathology  of  spleen 
in,  504-506 
relation  of  spleen  to,  537 
splenectomy  in,  512,  537 
relation  of  spleen  to,  529 
q>lenic,    in    childhood,    adult   form, 
splenectomy  for,  518 
splenectomy  for,  517 
in  infancy,  splenectomy  for,  522 
pathology  of  spleen  in,  500-504 
relation  of  spleen  to,  535 
splenectomy  in,  512,  535 
Anencephaiia,  552 
Anesthesia,  intratracheal  ether,  715 
indications,  715 
new  apparatus  and  tube,  715 
technic  of  intubation,  718 
vaporizing  apparatus,  721 
Aneurysm,  cirsoid,  561 
classification  of,  562 
clinical  history,  562 
etiology  of,  562 
ligation  of  common  carotid  artery 

for,  565 
treatment  of,  563 
Wyeth's  treatment,  564 
of  aorta  in  syphilis,  blood-pressure, 
850 
physical  findings,  849 
symptoms,  847 
treatment,  851 
Angine  herpetique,  782 
Angioneurotic  dermatoses,  825 
edema,  abdominal  pain  in,  825 
visceral  crises  in,  823 
Animals,  gall-bladder  in,  259 
Antrum  trocar  and  irrigating  cannula, 

585 
Anuria  in  patient  with  one  kidney,  S46 
Aorta,  aneuiysm  of,  in  syphilis,  blood- 
pressure,  850 
physical  findings,  849 
symptoms,  847 
treatment,  851 
disease  of,  in  syphilis,  846 
blood-pressure,  850 
physical  findings,  849 
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Aorta,  disease   of,  in   syphilis,    symp- 
toms, 847,  848 
treatment,  851 
Appendicitis,  epidemic  of,  282 
experimental,  pathogenesis  of,  276 
spontaneous,  pathogenesis  of,  276 
subphrenic  abscess  associated  with, 
303,304 
Appendix,   vermiform,    perforation    of, 

294 
Area  medullovasculosa,  552,  872 
Arterial  tumors,  cirsoid,  561 
Artery,  cystic,  location  of,  266 
splenic,  as  preliminary  step  in  splen- 
ectomy, 546 
Arthritis,  relation  of  tonsils  to,  597,  600 


Bacillus  tuberculosis  in   tuberculosis 

of  tongue,  7 
Bacteria  in  thyroid  gland,  457 

in  tonsils,  596 
Bacteriologic  examination  in  non-sur- 
gical   infection  of  kidneys  and 
ureters,  340 
of  urine  in  diagnosis  of  perineph- 
ritic  abscess,  316 
Bacteriology  of  gastroduodenal   ulcer, 

58 
Balfour*s  treatment  of  ulcer  of  stomach, 

213 
Bang's    method    of    determining    per- 
centage of  blood-sugar,  483 
Barker's  operation  for  bunion,  709 
Beck's  paste  in  chronic  empyema,  627 
Bertrand's  method  of  determining  per- 
centage of  blood-sugar,  483 
Bevan's    incision    for    exposing    gall- 
bladder. 267 
for  operations  on  gall-bladder  and 
biliary  passages,  541 
Bilateral  parotid  tumors,  37 

associated  with  lymphatic  leu- 
kemia, 42 
diagnosis,  49 

due  to  local  infection,  47 
recurrent,  37 


Bilateral  parotid  tumors,  syphilitic,  39 
treatment,  50 
tuberculous,  40 
Bile  in  production  of  ulcers  of  stomach, 
94 
rate  of  formation,  259 
Bile-duct,  common,  injury  to,  restora- 
tion of  bile-passage  after,  264 
obstructed   portion,    divulsion   of, 
with  forceps,  270 
excision   of,    with   end-to-end 
union,  268 
union  of,  to  duodenum,  by  rubber 
tube,  274 
direct,  272,  274 
two-row    suture    anastomosis, 
273 
Bile-passage,  restoration  of,  after  injury 

to  common  or  hepatic  ducts,  264 
Biliary  passages,  operations  on,  Bevan's 

incision  for,  541 
Bismuth  and  vaseiin  in  chronic  empy- 
ema, 627 
Bladder,  foreign  bodies  in,  364 
neurosis  of,  323 
perforations  of,  296 
retractor,  self-retaining,  734 
Blood,  abnormal  conditions  of,  pathol- 
ogy of  spleens  in,  500 
relation  of  spleen  to,  533 
Blood-pressure  and  thyrotoxicosis,  448 
in  goiter,  448 
in  hyperplastic  goiter,  452 
in  non-hyperplastic  goiter,  452 
in  snuff-poisoning,  855 
in   syphilitic   disease   of   heart   and 

aorta,  850 
studies  in,  448 
Blood-sugar,    determining    percentage, 

482 
Boas  and  Ewald's  test-breakfast,  98 
Boas    and    Strauss'     modification    of 

Riegel's  test-dinner,  99 
Bodies,  loose,  in  knee-joint,  effect  of, 
686 
indications  for  operation,  687 
method  of  production,  684 
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Bodies,  loose,  in  knee-joint^  operative 
technic,  69« 
symptoms,  687 
Bone,  transplantation  of,  for  non-regen- 
eration of  tibial  shaft,  701 
in  ununited  fractures  of  shaft  of 
humerus,  669 
Bottles,   solution,   <fe\ice  for  holding, 

in  operating  rooms,  731 
Breast,  acinus  of,  904 
cancer  of,  chronic  mastitis  and,  rela- 
tion between,  918 
trauma  as  etiologic  factor,  990 
cancer-cell  of,  909 
Bridges,  ill-fitting,  infections  about,  20 
Bronchitis,  relation  of  tonsils  to,  599 
Bulbar  deformity  as  sign  of  duodenal 

ulcer,  2«0 
Bunion,  anatomic  findings  in,  705 
Barker's  operation  for,  709 
definition  of,  705 
Heuter's  operation  for,  708 
Mayo*s  (Charles  H.)  operation  for, 
705 
after-care,  711 
technic,  710 
operations  for,  708 
Reverdin's  operation  for,  709 
Schede^s  operation  for,  708 


Calculus,    renal,    as    cause    of    peri- 
nephritic  abscess,  SIS 

diagnosis  of,  significance  of  vesical 
symptoms,  S2S 
ureteral,  827 

diagnosis  of,  sources  of  error,  332 

hematuria  in,  329 

localization  of,  333, 335 

pain  in,  localization  of,  327 

palpation  of,  330 

sources  of  error  in  diagnosis,  332 

treatment  of,  331 

urinalysis  in,  329 

vesical  irritability  in,  329 

z-rays  in  diagnosis,  332 
Cancer,  etiology'  of,  studies  in,  885 


Cancer,  evolution  of,  903 
of  breast,  chronic  mastitis  and,  rela- 
tion between,  918 
trauma  as  etio!ogic  factor,  920 
of  cervix,  heat  in  treatment  of,  378, 
388 
Percy's  treatment,  378, 388 
two-stage  operation  for,  388 
of  duodenum,  diagnosis,  198 
of  pyloric  end  of  stomach,  ulcer  and, 

differentiation,  209 
of  stomach,  diagnosis,  201 

inoperability,  evidences  of,  138 

s^'mptoms,  201 

x-rays  in  diagnosis  of,  123, 202 

alteration  of  pyloric  function. 

130 
altered  motility,  132 

size  and  capacity  of  stomach, 
133 
carcinomatous  ulcer,  137 
displacement  of  stomach,  1S4 
early  cancer,  139 
filling  defects,  125 
f  imgous  type,  135 
gaping  of  pylorus,  131 
interpreting  signs,  141 
latent  cancer,  139 
lessened  flexibility,  133 

mobility,  133 
mucoid  t^^ie,  137 
operability,  137 
peristalsis,  131 
pyloric  obstruction.  131 
scirrhous  type,  136 
of  thyroid.  458 

of  uterus,   abdominal   hysterectomy 
for,  386 
inoperable,  treatment  of,  389 
operations     for,     relative    merits, 

385 
vaginal  hysterectomy  for,  387 
Wertheim's  operation  for,  386 
Cancer-cell  of  mammary  gland,  909 
Cancerous    ulcer  of    tongue,   tubercu- 
lous ulcer  of  tongue  and,  differentia- 
tion, 9 
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Cannula,  antrum  irrigating,  585 
Carcinomatous  change  in  ulcer  of  stom- 
ach. 206 
Cardiac  lesions  in  goiter,  443 
Carotid  arteries,  common,  ligation  of, 

for  cirsoid  aneurysm,  565 
Cartilage,   transplantation   of,   for  de- 
pressed fractures  of  nose, 
579 
technic  of  operation,  581 
Cartilages,  semilunar,  683 

injuries  of,  indications  for  opera- 
tion, 687 
method  of  production,  684 
symptoms,  687 
Catarrhal  gall-bladder,  250 
Cautery  in  treatment  of  ulcer  of  stom- 
ach. 213 
Cell,  cancel^,  of  mammary  gland,  909 
Cells,  germinative,  894 

lymphoid,  of  tonsils,  595 
Cephalocele,  552 
Cervical  adenitis,  relation  of  tonsils  to, 

600 
Cervix,  cancer  of,  heat  in  treatment  of, 
378,388 
Percy's  treatment,  378,  388 
two-stage  operation  for,  388 
Chemical  constituents  of  thyroid,  395 
Cholecystectomy  and  cholecystostomy, 
relative  mortality.  262 
tumors  of  stump  of  cystic  duct  after, 

267 
versus  cholecystostomy,  256 
Cholecystitis,  causes  of,  251 
drainage  of  gall-bladder  in,  261 
pathogenesis  of,  276 
Cholecystostomy  and  cholecystectomy, 
reUitive  mortality,  262 
versus  cholecystectomy,  256 
Chorea,  relation  of  tonsils  to,  600 
Chromatophoroma,  923 
Circulation,  disturbed,  in  production  of 

ulcer  of  stomach,  72 
Cirrhosis  of  liver,  relation  of  spleen  to, 
531 
splenectomy  in,  514, 532 


Cirsoid  aneurysm,  561 
classification,  562 
clinical  history,  562 
etiology,  56i 
ligation  of  common  carotid  artery 

for,  565 
treatment,  563 
Wyeth's  treatment,  564 
Clinicopathologic  conference,  944 
Club-foot  in  spina  bifida  occulta,  treat- 
ment, 560 
Cohnheim*s    hypothesis    for  origin   of 

tumors,  886 
Cold  abscess  of  tongue,  6 
Colic,  renal,  occurring  with  herpes  zos- 
ter, 782 
Common  bile-duct,  injury  to,  restora- 
tion X}(  bile-passage  after,  264 
obstructed   portion,    divulsion   of, 
with  forceps,  270 
excision   of,    with   end-to-end 
union,  268 
union  of,  to  duodenum,  by  rubber 
tube,  274 
to  duodenum,  direct,  272,  274 
two-row    suture    anastomosis, 
273 
Copenhagen  heart,  857 

snuff,  poisoning  from,  854 
Cough  in  malignant  metastases  in  lungs, 

611 
Cretinism,  456 

thyroid  feeding  in,  456 
Crises,  visceral,  in  angioneurotic  edema, 

823 
Crowns,  ill-fitting,  infections  about,  20 
Crucial  ligaments,  683 
Cystic  artery,  location  of,  266 
duct,  stump  of,  tumors  of,  after  chole- 
cystectomy, 267 
Cystitis  in  non-surgical  infection  of  kid- 
neys and  ureters,  339 
pyelonephritis  as  cause,  321 
renal  infection  as  cause,  323 
Cystoscopic   diagnosis  of  non-surgical 
infection    of    kidneys    and     ureters, 
338 
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Cysts  of  lung,  metastatic  pulmonary 
malignancy  and,  x-rays  in  differentia- 
tion, 615 
Cytoplasia,  epithelial,  migrator^',  900, 
919 
primary,  900,  907,  916,  919 
secondaiy,  900,  907,  917,  919 
tertiary,  900,  919 


Daikt   products,  streptococci   in,   epi- 
demic of  appendicitis  and  parotitis 
probably  due  to,  282 
Decortication    operation    for    chronic 

empyema,  632 
Deformity,  bulbar,  as  sign  of  duodenal 

ulcer,  2«0 
Delorme-Fowler  operation  for  chronic 

empyema,  682 
Dermatoses,  angioneurotic,  825 
Dermoids,  ovarian,  Shattuck's  theory, 
877 
sacrococcygeal,  etiology  of,  873 
Desmoid  tumors,  655 
etiology,  657 

occurring  in  operative  scars,  655 
siurgical  treatment,  659 
Development,  anatomic  errors  in,  865 
cause  and  surgical  significance, 
865 
Device  for  holding  solution  bottles  in 

operating  rooms,  731 
Diabetes,  Allen's  treatment,  478 
Diabetics,  diet  after  operation  in,  479 
medical  treatment,  preparatory  to  sur- 
gical treatment,  476 
Diaphragmatic     hernia,     non-strangu- 
lated traumatic,  645 
Diet  after  operation  in  diabetics,  479 
Digestive  tract,  relation  of  spleen  to, 

529 
Diseases,  general,   infection   as   cause, 
879 
nose  and  throat  in  etiology  of,  593 
relation  of  tonsils  to,  599 
local,  infection  as  cause,  879 
Diverticulum,  MeckeFs  etiology  of,  878 


Di>'ulsion  of  stricture  of  common  bile- 
duct  with  forceps,  270 
Drainage  in  chronic  empyema,  622 
in  splenectomy,  547 
in  subdiaphragmatic  abscess,  307 
of  gall-bUdder,  261 
Ductless  glands,  391 
Duodenal  fistula,  transperitoneal  closure 
following  nephrectomy,  349 
perforations,  293 

rupture,  subphrenic   abscess  associ- 
ated with,  305 
ulcer,  bacteriology'  of,  58 
bulbar  deformity  as  sign,  220 
chronic,  234 
chronic    ulcer  of  stomach  and, 

differentiation,  175 
closure  of  pylorus  in  operations 

for,  245 
complications  of,  181 
diagnosis,  243 

essential  factors  in,  174 
etiology  of,  240 
frequency  of,  236 
heat  in  etiology  of,  240 
hemorrhage  in,  177,  180 
infection  theory  of  cause,  240 
intermittency  of,  244 
location  of,  242 
pain  in,  175,  176,  180 
perforation  in,  242 
recurrence    of    symptoms    after 

operation,  245 
situation  of,  181 
stitch  ulcer  after  operation  for, 

245 
s^inptoms  of,  243 
treatment  of,  244 
ulcer  of  stomach   and,   pyloric 
veins  in  differentiation,  241 
clinical  syndromes,  185 
diagnosb,  198 
hemorrhage  in,  189,  200 
notes  on,  184 

pain  in,  188,  190.  191,  192.  199,  206 
perforation  in,  190 
symptoms  of,  201 
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Duodenal  ulcer,  regular  type,  185 
symptoms,  198 
ulcer  of  pyloric  end  of  stomach 

and,  differentiation,  212 
vomiting  in,  189,  199 
x-rays  in  diagnosis  of,  200,  220 

value  of  history  and  clinical 
daU  in,  233 
Duodenum,  cancer  of,  diagnosis,  198 
diseases  of,  analysis  of  contents  of 
stomach  in  diagnosis  of,  195 
differential  diagnosis,  194 
nausea  in,  198 
pam  in,  197, 198 

presence  or  absence  of  mucus  in 
stomach  as  aid  in  diagnosis,  196 
tenderness  in,  197 
a;-rays  as  aid  in  diagnosis,  196 
roentgen  observation  of  gall-bladder 
and  hepatic  ducts  after  perforation 
into,  247 
union  of  common  duct  to,  by  rubber 
tube,  274 
direct,  272,  274 
two-row   suture   anastomosis, 
273 
Dyspepsia,  qualitative  food,  260 

quantitative  food,  260 
Dyspnea   in  malignant   metastases   in 
lungs,  611 


Edema,  angioneurotic,  abdominal  pain 
in,  825 
visceral  crises  in,  823 

Emetin  in  pyorrhea,  21,  32 

Empyema,  chronic.  Beck's  paste  in,  627 
bismuth  and  vaselin  in,  627 
decortication  operation  for.  632 
drainage  in,  622 
Estlander's  operation  for,  630 
filling  type  of  operation  for,  634 
Fowler-Delorme  operation  for,  632 
localization  of  cavity  in,  618 
muscle  implantation  operation  for, 

634-644 
Ransohoff's  operation  for,  632 


Empjrema,  chronic,  Schede*8  operation 
for,  631 
sterilization  of  caWty  in,  628 
surgical  treatment,  628 
treatment  of,  618 
localization  of  cavity,  618 
non-operative,  626 
surgical,  628 
without  operation,  626 
vaccine  treatment,  627 
Wilms'  operation  for,  629 
Endocarditis,  relation  of  tonsils  to,  597, 

600 
Endothelioma,  926 
Enlargement  of  spleen,  538 
Entamoeba    buccalis    and    Entamoeba 
histolytica,   similarity   between, 
30 
in  pyorrhea,  25,  29 
histolytica  and  Entamoeba  buccalis, 
similarity  between,  30 
Eosinophilia,  splenomegaly  with,  path- 
ology of  spleen  in,  508 
splenectomy  in,  516 
Epidemic  of  appendicitis,  282 

of  parotitis,  282 
Epispadias,  etiology  of,  876 
Epithelial  cytoplasia,  migratory,  900, 
919 
primary,  900,  907,  916,  919 
secondary,  900,  907,  917,  919 
tertiary,  900,  919 
vestiges,  888 
Epstein's  method  of  determining  per- 
centage of  blood-sugar,  483 
Erupting  teeth,  infection  about,  20  ' 
Estlander's  operation  for  chronic  empy- 
ema, 630 
Ether  anesthesia,  intratracheal,  715 
indications,  715 
new  apparatus  and  tube,  715 
technic  of  intubation,  718 
vaporizing  apparatus,  721 
E>a8ceration  and  its  supposed  relation  to 

sympathetic  ophthalmia,  573 
Ewald  and  Boas'  test-breakfast,  98 
Ewald's  test-meal,  98 
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Excision  of  obstructed  portion  of  com- 
mon bile-duct,  with  end-to-end  union, 
268 
Exophthalmic  goiter,  400 

operations  for,  results  of,  463 
percentage  of  relapses,  462 
percentages  of  cured,  461 
Expectancy,  life,  goiter  and,  456 
Experimental  study  of  shock  and  hemor- 
rhage, 789 
Extraperitoneal  spaces,  298 
Extremities,  549 

Eye,  evisceration  of,  supposed  relation, 
to  sympathetic  ophthalmia,  573 


Fat  necrosis  of  pancreas,  293,  294     - 
Faucial  tonsils,  594 
Fibrocytoplasia,  migratory,  917 
primary,  917 
secondary,  917 
tertiary,  917 
Fibrolipoma  of  larynx,  587 
diagnosis,  591 
etiology.  589 
treatment,  591 
Fibrosis,  diffuse,  of  stomach,  135 
Filia  terminalis,  872 

Filling  type  of  operation  in  chronic  em- 
pyema, 634 
Fillings,  ill-fitting,  infections  about,  20 
Fistula,  duodenal,  transperitoneal  clo- 
sure, following  nephrectomy,  349 
vesicovaginal,  small,  Amyx*s  opera- 
tion for,  373 
'     repair  of,  373 
Follicular  tonsillitis,  recurring,  599 
Foreign  bodies  in  bladder,  364 

swallowed  by  insane  woman,  218 
Fowler-Delorme  operation  for  chronic 

empyema,  632 
Fractures  of   nose,    depressed,    trans- 
plantation of  cartilage  for, 
579 
technic  of  operation,  581 
shaft  of  humerus,   ununited,   trans- 
plantation of  bone  in,  669 


Gall-bladder,  anatomy  of,  25d 
and  hepatic  ducts  after  perforation 
into  duodenum,  roentgen  observa- 
tion of,  247 
Bevan's  incision  for  ex]x>sing,  267 
catarrhal,  250 
drainage  of,  261 
in  animals,  259 
inflammation  of,  causes,  251 
operations  on,  Bevan*s  incision  for, 
541 
subphrenic  abscess  associated  with, 
305 
papilloma  of,  249 
perforations  of,  294 
rupture  of,  subphrenic  abscess  asso- 
ciated with,  306 
strawberry,  250 
usefulness  of,  259 
Gastric  juice  in  production  of  ulcer  of 

stomach,  72 
Gastroduodenal  ulcer,  bacteriology  of, 

58 
Gastro-enterostomy,     development    of 
ulcer  in  vicinity  of,  156 
gastrojejunal  ulcers  after,  156 
jejunal  ulcers  after,  156 
retained    suture    material    after,    as 
cause  of  gastrojejunal  ulcers,  172 
Gastrojejunal  ulcers  after  gastro-enter- 
ostomy, 156 
retained  suture  material  as  cause, 

172 
roentgenologic  aspects,  156 
surgical  aspects,  156 
Gaucher's  disease,  relation  of  spleen  to, 
535 
splenectomy  in,  512,  535 
General  papers,  737  . 
Germinative  cells,  894 
Glands,  ductless,  391 
Glossodermatitis  tuberculo-fibrosa,  6 

tuberculo-ulcerosa,  6 
Glossopharyngeal  nerve,  injury  of,   in 

tonsillectomy,  56,  57 
Glycosuria,    medical    treatment,    pre- 
paratory to  surgical  treatment,  476 
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Glycosuria,  transitory,  477 
Goiter  and  life  expectancy,  456 
blood-pressure  in,  448 
cardiac  lesions  in,  443 
clinical  classification,  438 
correlation  of  pathologic,  clinical,  and 
chemical  data,  tables  showing,  426, 
427, 430, 432 
exophthalmic,  460 

operations  for,  results  of,  463 
percentage  of  relapses,  462 
percentages  of  cured,  461 
heart  lesions  in,  443 
hyperplastic,  blood-pressure  in,  452 
non-hyperplastic,   blood-pressure   in, 

452 
pathologic  changes  in  muscular  sys- 
tem in,  438,  443 
in  nerv'ous  system  in,  438,  445 
relationships  between  clinical,  patho- 
logic, and  chemical  findings  in,  422 
Gunshot  wounds  of  abdomen,  292 


Hair  ball  in  stomach,  127 
Haudek*s  double-meal  method  of  de- 
termining gastric  motility,  106 
Head,  549 

Heart,  Copenhagen,  857 
disease  of,  in  syphilis,  846 
blood-pressure,  850 
physical  findings,  848 
symptoms,  847,  848 
treatment,  851 
lesions  in  goiter,  443 
Heat  in  etiology  of  chronic  duodenal 
ulcer,  240 
in  treatment  of  cancer  of  cervix,  378, 
388 
Hematuria  in  non-surgical  infection  of 
kidneys  and  ureters,  337 
in  ureteral  calculus,  329 
Hemolytic  anemia,  pathology  of  spleen 
in,  506 
splenectomy  in,  513 
jaundice,  pathology  of  spleen  in,  507 
relation  of  spleen  to,  536 


Hemolytic    jaundice,    splenectomy   in, 

514,  536 
Hemorrhage   and   shock,   experimental 
study.  739 
in  chronic  duodenal  ulcer,  177,  180 

ulcer  of  stomach,  177,  180 
in  duodenal  ulcer,  189,  200 
in  ulcer  of  stomach,  189,  200,  204 
internal,  in  abdomen,  symptoms  of, 
356 
Henoch's  purpura,  824 
Hepatic  ducts  and  gall-bladder  after 
perforation      into      duodenum. 
Roentgen  obser\'ation  of,  247 
injury  to,  restoration  of  bile-passage 
after,  264 
Hernia,    diaphragmatic,     non-straAgu- 

lated  traumatic,  645 
Herpes  zoster,  etiology,  779 

experimental  production,  779 
review  of  cases,  784 
technic  of.  783 
historic  review,  779 
localization  of  streptococci   from, 

809 
microscopic  anatomy  of  lesions,  815 
renal  colic  occurring  with,  782 
Heuter*s  operation  for  bunion,  708 
Hour-glass  stomach,  treatment  of,  217 
Hubh5he,  106,  115 
Humerus,  ununited  fractures  of  shaft, 

transplantation  of  bone  in,  669 
Hydrocephalus,  551 
classification  of,  552 
etiology  of,  553 
treatment  of,  556 
Hydroencephalocele,  552 
Hypermotility,  gastric,  in  x-ny  diag- 
nosis of  duodenal  ulcer,  231 
Hypernephroma  of  kidney,  875 
Hyperperistalsis,  gastric,  in  x-ray  diag- 
nosis of  duodenal  ulcer,  229,  232 
Hyperplasia,  migratory,  894 

tertiary,  894 
Hyperplastic  goiter,  blood-pressure  in, 

452 
Hyperthyroidism,  460 


970 


INDEX  OF  SUBJECTS 


Hypertonus,  gastric,  in  x-ray  diagnosb 

of  duodenal  ulcer,  229 
Hypertrophic  tonsillitis,  chronic,  599 
Hypospadias,  etiology  of,  876 
Hysterectomy,  abdominal,  for  cancer  of 
uterus,  386 

vaginal,  for  cancer  of  uterus,  387 


Ill-fitting  crowns,  bridges,  and  fillings, 

infections  about,  20 
Incision,    Bevan's,    for   operations   on 
gall-bladder  and  biliary  passages, 
267,  541 
for  exposure  of  kidney,  362 
for  splenectomy,  541 
Infection  about  erupting  teeth,  20 
about  ill-fitting  crowns,  bridges,  and 

fillings,  20 
as  cause  of  local  and  general  disease, 

879 
local,  bilateral  parotid  tumors  due  to, 
.    47 
of  mouth,  19 

treatment,  22 
of  tonsil,  recognition,  601,  602 
theory  of  cause  of  duodenal  ulcer,  240 
Inflammation  of  gall-bladder,  causes,  251 
Innervation  in  production  of  ulcer  of 

stomach,  73 
Insane  woman,  foreign  bodies  swallowed 

by,  218 
Intraperitoneal  space,  298 
left  anterior,  299 
posterior,  299 
right  anterior,  298 
posterior,  299 
Intratracheal  ether  anesthesia,  715 
indications,  715 
new  apparatus  and  tube,  715 
technic  of  intubation,  718 
vaporizing  apparatus,  721 
tube,  717 
lodin.  Alpha,  441 
compound  in  thyroid,  393,  422 
chemical  nature,  398 
physiologic  activity,  393 


Jauxdice,    hemolytic,    pathology    of 
spleen  in,  507 
relation  of  spleen  to,  536 
splenectomy  in,  514,  536 
Jejunal  ulcers  after  gastro-enterostomy, 

156 
Judd's  method  of  catching  cystic  duct 
and  artery,  266 


Kidney,  abscess  of,  as  cause  of  perine- 
phritic  abscess,  313 
diseases  of,  diagnosis,  significance  of 

vesical  symptoms,  320 
hypernephroma  of,  875 
incision  for  exposure  of,  362 
mesothelioma  of,  875 
non-surgical   infection,   bacteriologic 
examination  in,  340 
clinical  review,  336 
cystitis  in,  339 

cystoscopic  examination,   338 
frequency  of  urination  in,  337 
functional  tests  in,  339 
hematuria  in,  337 
pam  in,  337 
pyelogram  in,  339 
treatment  of,  341 
rupture  of,  as  cause  of  perinephritic 

abscess,  314 
stone  in,  as  cause  of  perinephritic 
abscess,  313 
diagnosis  of,  significance  of  vesical 
symptoms,  323 
tuberculosis  of,  as  cause  of  perineph- 
ritic abscess,  312 
diagnosis,    significance    of    vesical 

symptoms,  320 
nephrectomy  for,  management  of 
ureter  after,  361 
Knee-joint,  injuries  of,  method  of  pro- 
duction, 684 
ligaments  of,  681 
loose  bodies  in,  effect  of,  686 

indications  for  operation,  687 
method  of  production,  684 
operative  technic,  692 
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Knee-joint,  loose  bodies  in,  symptoms, 
687 
mechanical  derangements,  681 
method  of  production,  684 
K5lliker*s  theory  of  specificity  of  tissues, 
896 


Labtngitis,  relation  of  tonsils  to,  599 
Larynx,  fibrolipoma  of,  587 
diagnosis,  591 
etiology,  589 
treatment,  591 
lipoma  of,  587 
Lavage  in  non-surgical  infection  of  kid- 
neys and  ureters,  342,  344 
Leather-bottle  stomach,  135 
Leube's  test-meal,  98 
Leukemia,  Ijrmphatic,  bilateral  parotid 
tumors  associated  with,  42 
myelocytic,  splenectomy  in,  514 
Life  expectancy,  goiter  and,  456 
Ligaments,  crucial,  683 
of  knee-joint,  681 

splenic,  separation  of,  in  splenectomy, 
543 
Ligation  of  common  carotid  for  cirsoid 
aneurysm,  565 
of  splenic  artery  as  preliminary  step 

in  splenectomy,  546 
of  vascular  pedicle  in  splenectomy, 
544 
two-forceps  method,  with  special 
reference  to  nephrectomy,  355 
Lingual  tonsil,  594 
Lipoma  of  Urynx,  587 
diagnosis,  591 
etiology,  589 
treatment,  591 
Liver,  cirrhosis  of,  relation  of  spleen  to, 
531 
splenectomy  in,  514,  532 
relation  of  spleen  to,  529 
syphilis  of,  840 
treatment,  844 
Loose  bodies  in  knee-joint,  effect  of,  686 
indications  for  operation,  687 


Loose  bodies  in  knee-joint,  method  of 
production,  684 
operative  technic,  692 
symptoms,  687 
Lungs,  cysts  of,  metastatic  pulmonary 
malignancy  and,  a;-rays  in  differen- 
tiation, 615 
metastatic  malignancy  in,  cysts  and, 

or-rays  in  differentiation,  615 
metastatic  malignancy   in,   physical 
findings,  611 
radiographic  diagnosis,  606 
symptoms,  611 
syphilis  of  lungs  and,  x-rays  in 

differentiation,  614 
tuberculosis  and,  x-rays  in  differ- 
entiation, 614 
syphilis    of,    metastatic    pulmonary 
malignancy  and,  x-rays  in  differen- 
tiation, 614 
Lupus  of  tongue,  5,  6 

diagnosis,  8 
Lymphatic  leukemia,  bilateral  parotid 

tumors  associated  with,  42 
Lymphatics  of  tonsils,  595 
Ljrmphoid  cells  of  tonsil,  595 
Lymphoma,  splenectomy  in,  514 
Lymphosarcoma,  pathology  of  spleen  in, 
508 
splenectomy  in,  514 


MacCartt*8  classification  of  tumors, 

898 
Malignant  metastases  in  lung,  cysts  and, 
x-rays  in  differentiation,  615 
physical  findings,  611 
radiographic  diagnosis,  606 
symptoms,  611 
syphilis  of  lung  and,  x-rays  in 

differentiation,  614 
tuberculosis  and,  x-rays  in  differ- 
entiation, 614 
tumors  of  thyroid,  458 
Mallet,  operating,  733 
Mastitis,  chronic,  cancer  of  breast  and, 
relation  between,  918 
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Mastitis,  chronic,  trauma  as  etiologic 

factor,  9«0 
Mayo's  (Charles  H.)  operation  for  bun- 
ion, 705 
after-care,  711 
technic,  710 
for  varicose  veins,  662 
Meckel*s  diverticulum,  etiology,  878 
Mediastinum,  disease  of,  in  syphilis,  847 
blood-pressure,  850 
physical  findings,  848 
treatment,  851 
Melanoblastoma,  923 
Melanocarcinoma,  9^ 
Melanoepithelioma,  9^ 
Melanoma,  923 
Melanosarcoma,  923 
Melanotic  sarcoma,  923 
Meningitis,  relation  of  tonsils  to,  600 
Meningocele,  552,  872 

anterior,  871 
Mesothelioma  of  kidney,  875 
Metastases,  malignant,  in  lungs,  cysts 
and,  x-rays  in  differentiation, 
615 
physical  findings,  611 
radiographic  diagnosis,  606 
sjrmptoms,  611 
syphilis  of  lungs  and,  x-rays  in 

differentiation,  614 
tuberculosis  and,  x-rays  in  differ- 
entiation, 614 
Mikulicz's  disease,  43 

treatment,  51 
Motility  of  stomach,  Haudek's  double- 
meal   method   for   determining, 
106 
roentgenologic   determination,   96, 
100 
application  of  test,  112 
test-meals  for  determining,  98 
Mouth,  amebie  in,  25,  29 
infections  of,  19 
treatment,  22 
Mucus,  presence  or  absence,  in  stomach, 
in  diagnosis  of  diseases  of  stomach  or 
duodenum,  196 


Muscle     implantation     operation     for 

chronic  empyema,  634-644 
Muscular  rigidity  in  perforation  of  ab- 
domen, 295,  296 

system,    pathologic    changes    in,    in 
goiter.  438,  443 
Myelocytic  leukemia,  splenectomy  in. 

514 
Myelomeningocele,  552 
Myocarditis,  relation  of  tonsils  to,  600 


Nausea  in  diseases  of  duodenum,  198 

of  stomach,  198 
Necropsy  as  public  service,  937 
consent  for,  940 

giving  information  to  relatives,  943 
material,  organized  research  on,  944 
need  for,  938 
Necrosis,  fat,  of  pancreas,  293,  294 
Neoplasms.    See  Tumors. 
Neosalvarsan  in  sjrphilis,  841 
Nephrectomy  for  tuberculosis,  manage- 
ment of  ureter  after,  361 
procedures  following,  349 
transperitoneal  closure  of  duodenal 
fistulas  following,  349 
Nephritis,   acute   septic,    perinephritic 
abscess  and,  differentiation,  318 
relation  of  tonsils  to,  597,  600 
Nephrolithiasis  as  cause  of  perinephritic 

abscess,  313 
Nerve,  glossopharyngeal,  injury  of,  in 

tonsillectomy,  56,  57 
Nervous  system,  pathologic  changes  in, 
in  goiter,  438,  445 
syphilis  of,  treatment,  844 
Neuralgia,   diseased    tonsil    as   cause, 

599 
Neuritis,  diseased  tonsil  as  cause,  599 
Neurosis  of  bladder,  323 
Nose,   fractures  of,   depressed,   trans- 
plantation    of     cartilage 
for,  579 
technic  of  operation,  581 
in  etiology  of  general  diseases,  593 
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Ochsner's  treatment  of  ulcer  com- 
plicating varicose  veins,  664 

Operating  mallet,  733 

Ophthalmia,  s^'mpathetic,  supposed  re- 
lation of  e\'isceration  to,  573 

Osteomyelitis,  relation  of  tonsils  to,  600 

0>'arian  dermoids,  Shattuck*s  theory,' 
877 


Pain,     abdominal,     in     angioneurotic 
edema,  825 
in  abdomen,  197,  198 
in  chronic  duodenal  ulcer,  175,  176, 
180 
ulcer  of  stomach,  175,  176,  180 
in  diseases  of  duodenum,  197,  198 

of  stomach,  197,  198 
in  duodenal  ulcer,  188,  190,  191,  192, 

199,206 
in  malignant  metastases  in  lungs,  611 
in  non-surgical  infection  of  kidneys 

and  ureters,  337 
in  ulcer  of  stomach,  188, 190, 191, 192, 

199,  200,  206 
localization  of,  in  ureteral  calculus, 
327 
Palpation  of  ureteral  calculus,  330 
Pancreas,  fat  necrosis  of,  293,  294 
histologic  changes  in,  after  adrenalec> 

tomy,  496 
injuries  to,  in  splenectomy,  544 
relation  of  adrenals  to,  485 
Pancreatic  juice,  flow  of,  after  adrenal- 
ectomy, 486 
Papers,  general,  737 
Papilloma  of  gall-bladder,  249 
Parathyroids,  injury  of,  at  operation, 

457 
Parotid  tumors,  bilateral,  37 

associated   with   lymphatic   leu- 
kemia, 42 
diagnosis  of,  49 
due  to  local  infection,  47 
recurrent,  37 
syphilitic,  39 
treatment  of,  50 


Parotid  tumors,  bilateral,  tuberculous, 

40 
Parotitis,  epidemic  of,  282 
Paste,  Beck's,  in  chronic  empyema,  627 
Pedicles,  vascular,  ligation  of,  two-for- 
ceps method,  with  special  reference  to 
nephrectomy,  355 
Percy's  treatment  of  cancer  of  cer\-ix, 

378,388 
Perforating  ulcers  of  stomach  and  duo- 
denum, symptoms,  201 
Perforation  in  abdomen,  acute,  292 
muscular  rigidity  in,  295,  296 
necessity  of  immediate  operation, 

292,294 
symptoms  of,  295 
spontaneous,  292 
traumatic,  292 
in  chronic  duodenal  ulcer,  242 
in  duodenal  ulcer,  190 
in  ulcer  of  stomach,  190,  204 
of  appendix,  294 
of  bladder,  296 
of  duodenum,  293 
of  gall-bladder,  294 
of  pancreas,  294 
of  stomach,  294 
Pericarditis,  relation  of  tonsils  to,  600 
Perigastric  abscess,  299 
Perinephritic  abscess,  31 1 

acute  septic  nephritis  and,  differ- 
entiation, 318 
bacteriologic  examination  of  urine 

in  diagnosis  of,  316 
classification  of,  311 
cortical  abscess  as  cause,  313 
diagnosis  of,  316 
differential  diagnosis,  318 
etiology,  312 

nephrolithiasis  as  cause,  313 
phenolsulphonephthalein  test  in  di- 
agnosis of,  317 
primary,  311 

pyelogram  in  diagnosis  of,  317 
pyonephrosis  as  cause,  312 
renal,  functional  test  in  diagnosiii 
of,  317 
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Perinephritic  abscess,  renal,  tuberculo- 
sis as  cause,  312 
results  after  operation,  318 
rupture  of  kidney  as  cause,  314 
secondary,  311 

subdiaphragmatic  abscess  and,  dif- 
ferentiation, 318 
traumatic  perinephritis  as  cause,  31 
treatment,  318 
urinalysis  in  diagnosis  of,  316 
without  renal  involvement,  315 
x-rays  in  diagnosis  of,  317 
Perinephritis,   traumatic,   as   cause   of 

perinephritic  abscess,  314 
Perisplenic  abscess,  299 
Peritoneum,  sensitiveness  of,  296 
Peritonitis,  subphrenic  abscess  associ- 
ated with,  301,  306 
Peritonsillar  abscess,  599 
Pernicious  anemia,  pathology  of  spleen 
in,  504-506 
relation  of  spleen  to,  537 
splenectomy  in,  512,  537 
Phaiyngitis,  relation  of  tonsils  to,  599 
Phenolsulphonephthalein  test  in  diag- 
nosis of  perinephritic  abscess,  317 
Phlebitis,  relation  of  tonsils  to,  600 
Pleurisy,  relation  of  tonsils  to,  600 
Poisoning,  snuff-,  854 
symptoms  of,  857 
Polycytoplasia,  902 

Postmortem  examination  as  public  ser- 
vice, 937 
consent  for,  940 
giving    information    to    relatives, 

943 
need  for,  938 
Postnatal    hypothesis    for    origin    of 

tumors,  888 
Pouch,  Rathke's,  868 
Precancerous  conditions,  904 
Prenatal  hypothesis  for  origin  of  tumors, 

888 
Ptyalism  in  tuberculosis  of  tongue,  7 
Purpura,  Henoch's,  824 
Pyelogram  in  diagnosis  of  perinephritic 
abscess,  317 


Pyelogram  in  non-surgical  infection  of 

kidneys  and  ureters,  339 
Pyelonephritis  as  cause  of  cystitis,  321 
diagnosis  of,  significance   of  vesical 
symptoms,  321 
Pyloric  end  of  stomach,  cancer  of.  ulcer 
and,  differentiation,  209 
ulcer  of,  209 

cancer  and,  differentiation,  209 
duodenal    ulcer    and,    differ- 
entiation, 212 
Rodman's  operation  for,  212 
veins  in  differentiation  of  ulcer  of 
stomach  and  duodenal  ulcer,  241 
Pylorospasm  as  cause  of  gastric  reten- 
tion, 115 
Pylorus,   closure  of,   in  operation   for 

duodenal  ulcer,  245 
Pyonephrosis  as  cause  of  perinephritic 

abscess,  312 
I^orrhoea  alveolaris,  20,  25 
emetin  in,  21,  32 
Entamoeba  buccalis  in,  25,  29 
etiologic  factors,  26 
relation  of  amebiasis  to,  25 


QuiNBT,  599 


Rachischisis,  552,  871 
Radium  in  Mikulicz's  disease,  51 
Ransohoff's  operation  for  chronic  em- 
pyema, 632 
Rathke's  pouch,  868 
Recurrent  bilateral  parotid  tumors,  37 
Renal  calculus  as  cause  of  perineph- 
ritic abscess,  313 
diagnosis,   significance    of    vesical 
symptoms,  323 
colic  occurring  with  heipes   zoster, 
782 
Resection  of  obstructed  portion  of  com- 
mon bile-duct,  with  end-to-end  union, 
268 
Rests,  adrenal,  888,  891 
Retractor,  bladder,  self-retaining,  734 
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Reverdin's  operation  for  bunion,  709 
Rheumatism,  tonsillitis  and,  relation- 
ship, 600 
Ribbert's  hypothesis  for  origin  of  tu- 
mors, 887 
RiegeFs  test-dinner,  98,  99 

Boas  and  Strauss*  modification,  99 
Riggs*  disease.  See  Pyorrhaa  alveolarU. 
Rodman^s  operation  for  ulcer  of  pyloric 

end  of  stomach,  212 
R5ntgen  rays.     See  X-rays. 
Rupture  of  duodenum,  subphrenic  ab- 
scess associated  with,  305 
of   gall-bladder,    subphrenic   abscess 

associated  with,  306 
of  kidney  as  cause  of  perinephritic 
abscess.  314 


Sacrococcygeal  dermoid  tumors,  eti- 
ology of,  873 
Salvarsan  in  syphilis,  840 
Sarcoma,  alveolar,  926 
melanotic,  923 
of  thyroid  gland,  458 
Schede's  operation  for  bunion,  708 

for  chronic  empyema,  631 
Sections  of  living  tissue,  unfixed,  stain- 
ing of.  722 
Semilunar  cartilages,  683 

injuries  of,  indications  for  operation, 
687 
method  of  production,  684 
symptoms,  687 
Sensitiveness  of  peritoneum,  296 
Septic     splenomegaly,     pathology     of 
spleen  in,  507 
splenectomy  in,  514 
Shattuck's  theory  of  ovarian  dermoids, 

877 
Shock  and   hemorrhage,   experimental 

study,  739 
Snuff-poisoning,  854 

symptoms,  857 
Solution  bottles,  device  for  holding,  in 

operating  rooms,  731 
Spasm,  vascular,  82 


Spina  bifida,  551,  872 
classification,  552 
etiology,  553 
occulta,  553 

club-foot  in,  treatment,  560 
operative  treatment,  558 
treatment,  556 
Spleen,  diseases  of,  511 

enlargement  of,  538 

pathology  of,  in  abnormal  conditions 
of  blood,  500 
in  acute  febrile  splenomegaly,  508 
in  hemolytic  anemia,  506 

jaundice,  507 
in  lymphosarcoma,  508 
in  pernicious  anemia,  504-506 
in  septic  splenomegaly,  507 
in  splenic  anemia,  500-504 
in  splenomegaly  with  eosinophilia, 

508 
in  syphilis  with  splenomegaly,  507 
studies  in,  500 

relation  of,  to  anemia,  529 
to  blood,  533 
to  cirrhosis  of  liver,  531 
to  digestive  tract,  529 
to  Gaucher*s  disease,  535 
to  hemolytic  jaundice,  536 
to  liver,  529 

to  pernicious  anemia,  537 
to  splenic  anemia,  535 

tuberculosis  of,  splenectomy  in,  515 

wandering,  splenectomy  in,  515 
Splenectomy,  adhesions  in,  541 

after-care,  547 

Bevan*s  incision  for,  541 

clinical  notes  on,  511 

closure  of  splenic  space  in,  546 

drainage  in,  547 

in  acute  febrile  splenomegaly,  515 

in  adult  form  of  splenic  anemia  in 
childhood,  518 

in  amemia   pseudoleuksmica  infan- 
tum, 522 

in  cirriiosis  of  liver,  514,  532 

in  Gaucher*s  disease,  512.  535 

in  hemolytic  anemia,  513 
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Splenectomy  in  hemol^lic  jaundice,  514, 
536 
in  lymphoma,  514 
in  lymphosarcoma,  514 
in  myelocytic  leukemia,  514 
in  pernicious  anemia,  512,  537 
in  secondaiy  infectious  splenomegaly, 

514 
in  septic  splenomegaly,  514 
in  splenic  anemia,  512, 535 
in  childhood,  517 
of  infancy,  522 
in    splenomegaly   with    eosinophilia, 

516 
in  syphilis  with  splenomegaly,  514 
in  tuberculosis  of  spleen,  515 
in  von  Jaksch*s  disease,  522 
in  wandering  spleen,  515 
incision  for,  541 
injury  to  pancreas  in,  544 

to  stomach  in,  545 
ligation  of  splenic  artery  as  prelimi- 
nary step  in,  546 
of  vascular  pedicle  in,  544 
mortality  of,  547 
separation   of  splenic   ligaments   in, 

543 
surgical  considerations,  541 
Splenic  anemia  in  childhood,  adult  form, 
splenectomy  for,  518 
splenectomy  for,  517 
in  infancy,  splenectomy  for,  522 
pathology  of  spleen  in,  500-504 
relation  of  spleen  to,  535 
splenectomy  in,  512,  535 
artery,  ligation  of,  as  preliminary  step 

in  splenectomy,  546 
ligaments,  separation  of,  in  splenec- 
tomy, 543 
space,  closure  of,  in  splenectomy,  546 
Splenomegaly,  acute  febrile,  pathology' 
of  spleen  in,  508 
splenectomy  in,  515 
secondary    infections,    pathology   of 
spleen  in,  507 
splenectomy  in,  514 
septic,  pathology  of  spleen  in,  507 


Splenomegaly,  septic,  splenectomy  in, 
514 
syphilis  with,  pathology  of  spleen  in, 
507 
splenectomy  in,  514 
with  eosinophilia,  pathology  of  spleen 
m,  508 
splenectomy  in,  516 
Staining  sections  of  living  tissue,  un<- 

fixed,  722 
Sterilization  of  cavity  in  chronic  empy- 
ema, 628 
Stitch  ulcers  after  operations  for  duo- 
denal ulcers,  245 
Stomach,  body  of,  large  ulcer  of,  215 
cancer  of,  diagnosis,  201 

inoperability,  evidences  of,  138 

symptoms,  201 

x-rays  in  diagnosis  of,  123,  202 

alteration  of  pyloric  function, 

130 
altered  motility,  132 

size  and  capacity  of  stomach, 
133 
carcinomatous  ulcer,  137 
displacement  of  stomach,  134 
early  cancer,  139 
filling  defects,  125 
fungous  type,  135 
gaping  of  pylorus,  131 
interpreting  signs,  141 
latent  cancer,  139 
lessened  flexibility,  133 

mobility,  133 
mucoid  type,  137 
operability,  137 
peristalsis,  131 
pyloric  obstruction,  131 
scirrhous  type,  136 
contents  of,  analysis,  in  diagnosis  of 
diseases  of  stomach  and  duodenum, 
195 
diffuse  fibrosis  of,  135 
diseases  of,  analysis  of  contents  of 
stomach  in  diagnosis  of,  195 
differential  diagnosis,  194 
nausea  in,  198 
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Siomach,    diseajies    of,    pain   ia,    197, 
198 
presence  or  absence  of  mucus  in 
stomach  as  aid  in  diagnosis,  196 
tenderness  in,  197 
7-rays  as  aid  in  diagnosis,  196 
hair  ball  in,  1^ 
hour-glass  treatment  of,  217 
hypermotility  of,  in  x-ray  diagnosis 

of  duodenal  ulcer,  231 
hyperperistalsis  of,  in  j;-ray  diagnosis 

of  duodenal  ulcer,  229,  232 
hypertonus  of,  in  z-ray  diagnosis  of 

duodenal  ulcer,  229 
injury  to,  in  splenectomy,  545 
leather-bottle.  185 
lesser  curvature  and  antrum,  ulcer  of, 

212 
motility    of,    Haudek's    double-meal 
method  for  determining,  106 
roentgenologic   determination,    96, 
100 
application  of  test,  112 
test-meals  for  determining,  98 
mucus   in,   presence   or  absence,   in 
diagnosis  of  diseases  of  stomach  or 
duodenum,  196 
operation  on,  subdiaphragmatic  ab- 
scess following,  306 
perforation  of,  294 
posterior  wall,  ulcer  of,  216 
pyloric   end,   cancer  of,   ulcer  and, 
differentiation,  209 
ulcer  of,  209 

cancer  and,  differentiation,  209 
duodenal  ulcer  and,  differentia- 
tion, 212 
Rodman's  operation  for,  212 
s^^philis  of,  diagnosis,  202 

treatment,  844 
trichobezoar  in,  127 
ulcer  of,  204 
bacteriology,  58 
Balfour's  treatment,  213 
bile  in  production  of,  94 
carcinomatous  change  in,  206 
cauterj'  in  treatment  of.  213 
15—62 


Stomach*  ulcer  of,  chronic,  chronic  du- 
odenal ulcer  and,  differentia- 
tion, 175 
complications  of,  181 
diagnosis  of,  essential  factors  in, 

174 
duodenal     ulcer     and,     pyloric 

veins  in  differentiation,  241 
hemorrhage  in,  177,  180 
pain  in,  175,  176,  180 
situation  of,  181 
clinical  syndromes,  185 
diagnosis,  198 
disturbed  circulation  in  production 

of,  72 
following  removal  of  adrenals,  87 
gastric  juice  in  production  of,  72 
hemorrhage  in,  189,  200,  204 
inner\'ation  in  production  of,  73 
large,  215 
notes  on,  184 

.  origin  of,  trophic  element  in,  70, 206 
pain  in,  188.  190,  191. 192,  199,  200, 

206 
pathogenesis,  276 
perforating,  190,  204 

subphrenic     abscess     associated 

with,  306 
symptoms  of,  201 
symptoms,  198,  200 
trophic  element  in  origin  of,  70 
vomiting  in,  189,  199 
z-rays  in  diagnosis  of,  200 
water-trap,  103,  115 
Stomatodeum.  556 
Stratum  germinativum,  908,  909 
Strauss    and     Boas*     modification    of 

Riegers  test-dinner,  99 
Strawberry  gall-bladder,  250 
Streptococci,  elective  localization,  764 
technic  of,  764 
in  dairy  products,  epidemic  of  ap- 
pendicitis and  parotitis  probably 
due  to,  282 
localization  of,  from  herpes  z^Mtcr,  809 
Stri<-ture  of  common  bile-duct  divulsed 
with  dilating  forcejM,  270 
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Stricture  of  common  bile-duct,  excision 

of,  with  end-to-end  union,  268 
Subdiaphragmatic  abscess,  298 

associated  with  appendicitis,  303, 
304 
with  gall-bladder  operations,  305 
with  perforating  gastric  ulcers, 

300 
with  peritonitis,  301,  306 
with  ruptured  duodenum,  305 

gall-bladder,  306 
with    tuberculous    lesion    else- 
where in  abdomen,  307 
diagnosis,  304 
drainage  in,  307 
diuntion,  304 
etiology  of,  300 
following  focal  infection,  307 
operation  on  stomach,  306 
perinephritic   abscess   and,   differ- 
entiation, 318 
prognosis,  308 
symptoms,  303 
treatment,  307 
Subhepatic  pouch,  299 
Subphrenic     abscess,     298.     See     also 
Subdiaphragmatic  abscess. 
space,  left  extraperitoneal,  298 
right  extraperitoneal,  298 
Surgical  patients,  after-care,  862 
care  of,  859 
examination  of,  859 
preparation  of,  859 
shock,  experimental  study,  739 
Suture  material,  retained,  after  gastro- 
enterostomy, as  cause  of  gastrojejunal 
ulcers,  172 
Sympathetic  ophthalmia,  supposed  rela- 
tion of  evisceration  to,  573 
Syphilis,  aneurysm  of  aorta  in,  blood- 
pressure,  850 
physical  findings,  849 
symptoms,  847 
treatment,  851 
clinical  prognosis,   observations  on, 

836 
diagnosis,  837 


Syphilis,  disease  of  aorta  in,  846 
blood-pressure,  850 
physical  findings,  849 
symptoms,  847,  848 
treatment,  851 
of  heart  in,  846 
blood-pressure,  850 
physical  findings,  848 
symptoms,  847,  848 
treatment,  851 
of  mediastinum  in,  blood-pressure, 
850 
physical  findings,  848 
symptoms,  847 
treatment,  851 
neosalvarsan  in,  841 
of  heart,  sjrmptoms,  847, 848 
of  liver,  840 

treatment,  844 
of  lungs,  metastatic  pulmonary  ma- 
lignancy' and,  x-rays  in  differentia* 
tion,  614 
of  nervous  system,  treatment,  844 
of  stomach,  diagnosis,  202 

treatment,  844 
of  tongue,  tuberculosis  of  tongue  and, 

differentiation,  8 
salvarsan  in,  840 
treatment,  840 
Wassermann  test  in,  836 
with     splenomegaly,    pathology     of 
spleen  in,  507 
splenectomy  in,  514 
Syphilitic  aneurysm,  symptoms,  847 

bilateral  parotid  tumors,  39 
Syringomyelocele,  553 


Talipes,  etiology  of,  872 

Technic,  713 

Teeth,  erupting,  infection  about,  20 

Temperature  in  malignant  metastases 

in  lungs,  611 
Tenderness  in  abdomen,  197 
Test,  phenolsulphonephthalein,  in  dia^ 
nosb  of  perinephritic  abscess,  317 

roentgen,  for  gastric  motility,  96,  100 
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Test,  roentgen,  for  gastric  motility,  ap- 
plication of,  112 
Wassermann,  in  syphilis,  836 
Test-breakfast,  Ewald  and  Boas',  98 
Test-dinner,  Riegers,  98,  99 

Boas  and  Strauss*  modification,  99 
Test-meal,  Ewald's,  98 

Leube's,  98 
Test-meals  for  determining  gastric  mo- 
tility, 98 
Throat  in  etiology  of  general  diseases, 

593 
Thyroid  feeding  in  cretinism,  456 
gland,  bacteria  in,  457 
cancer  of,  458 
chemical  constituents,  395 
deficiency  of,  456 
excessive  activity,  clinical  aspects, 

410 
infections  of,  457 
iodin  compound  in,  393,  422 
chemical  nature,  393 
physiologic  activity,  393 
malignant  tumors  of,  458 
pathologic  relationships,  438 
relationship  of  pathologic  histology 

and  iodin  compounds  of,  422 
sarcoma  of,  458 
Thyrotoxicosis,  459 

blood-pressure  and,  448 
Tibia,  shaft  of,  non-regeneration,  trans- 
plantation of  bone  for,  701 
Tissue,  living,  unfixed,  staining  sections 

of,  722 
Tissues,  K5lliker*s  theory  of  specificity, 

896 
Tongue,  cold  abscess  of,  6 
lupus  of,  5,  6 
diagnosis,  8 
syphilis  of,  tuberculosis  of  tongue  and, 

differentiation,  8 
tuberculosis  of,  3 

Bacillus  tuberculosis  in,  7 
clinical  observations,  summary  of, 

12 
diagnosis,  8 
frequency,  3 


Tongue,  tuberculosis  of,  histologic  find- 
ings, 10,  12 
nodular  form,  6 
papillomatous  type,  7 
primary,  5 
prognosis,  9 
ptyalism  in,  7 
routes  of  infection,  4 
sex  frequency,  4 
symptoms,  7 

syphilis  of  tongue  and,  differentia- 
tion, 8 
treatment,  10 
ulcerative  form,  6 

diagnosis,  9 
verrucose  type,  7 
tuberculous  ulcer  of,  6 

cancerous  ulcer  and,  differentia- 
tion, 9 
Tonsillar  ring,  Waldeyer*s,  594 
Tonsillectomy,  52 

injury  of  glossopharyngeal  nerve  in, 

56,57 
technic  of,  52 
Tonsillitis,  chronic  hypertrophic,  599 

follicular,  recurring,  599 
Tonsils,  bacteria  in,  596 
faucial,  594 

in  etiology  of  general  diseases,  599 
infection  of,  recognition,  601,  602 
lingual,  594 
lymphatics  of,  595 
lymphoid  cells  of,  595 
relation  of,  to  arthritis,  597,  600 
to  bronchitis,  599 
to  cervical  adenitis,  600 
to  chorea,  600 
to  endocarditis,  597,  600 
to  laryngitis,  599 
to  meningitis,  600 
to  myocarditis,  600 
to  nephritis,  597,  600 
to  neuralgia,  599 
to  neuritis,  599 
to  osteomyelitis,  600 
to  pericarditis,  600 
to  pharyngitis,  599 
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Tonsils,  relation  of,  to  phlebitis,  600 
to  pleurisy,  600 
to  rheumatism,  600 
removal  of,  52 
surgery  of,  52 
toxicity  of,  596 
Toxicity  of  tonsils,  596 
Transitory  glycosuria,  477 
Transperitoneal  closure  of  duodenal  fis- 
tulas following  nephrectomy,  349 
Transplantation  of  bone  for  non-regen- 
eration of  tibial  shaft,  701 
in  ununited  fractures  of  shaft  of 
humerus,  669 
of  cartilage  for  depressed  fractures  of 
nose,  579 
technic  of  operation,  581 
Trauma  as  etiologic  factor  in  develop- 
ment of  chronic  mastitis  and  cancer, 
920 
Traumatic  diaphragmatic  hernia,  645 
perforations  in  abdomen,  292 
perinephritis  as  cause  of  perinephritic 
abscess,  S14 
Trichobezoar  in  stomach,  127 
Trocar,  antrum,  585 
Trophic  element  in  origin  of  ulcer  of 

stomach,  70 
Trunk,  549 

Tuberculosis,  bacillus  of,  in  tuberculosis 
of  tongue,  7 
metastatic    pulmonary    tuberculosis 

and,  ar-rays  in  differentiation,  614 
of  kidney  as  cause  of  perinephritic 
abscess,  312 
diagnosis,    significance    of    vesical 

symptoms,  320 
nephrectomy  for,  management  of 
ureter  after,  361 
of  spleen,  splenectomy  in,  515 
of  tongue,  3 

Bacillus  tuberculosis  in,  7 
clinical  obser>'ations,  summary  of, 

12 
diagnosis,  8 
frequency,  3 
histologic  findings,  10,  12 


Tuberculosis  of  tongue,  nodular  form,  6 
papillomatous  type,  7 
primary,  5 
prognosis,  9 
ptyalism  in,  7 
routes  of  infection,  4 
sex  frequency,  4 
symptoms,  7 

syphilis  of  tongue  and,  differentia- 
tion, 8 
treatment,  10 
ulcerative  form,  6 

diagnosis,  9 
verrucose  type,  7 
Tuberculous  bilateral  parotid  tumors,  40 
ulcer  of  tongue,  6 

cancerous  ulcer  and,  differentia- 
tion, 9 
Tumors,  arterial,  cirsoid,  561 
bilateral  parotid,  37 

associated    with    lymphatic 

leukemia,  42 
diagnosis  of,  49 
due  to  local  infection,  47 
recurrent,  37 
syphilitic,  39 
treatment  of,  50 
tuberculous,  40 
symmetry,  891 
classification  of,  898 
dermoid,  sacrococcygeal  type,  etiol- 
ogy of,  873 
desmoid,  655 
etiology  of,  657 

occurring  in  operative  scars,  655 
surgical  treatment,  659 
MacCarty's  classification,  898 
malignant,  of  thyroid,  458 
of  stump  of  cystic  duet  after  cholecys- 
tectomy, 267 
origin  of,  Cohnheim*s  hypothesis,  886 
postnatal  hypothesis,  888 
prenatal  hypothesis,  888 
Ribbert's  hypothesis,  887 
Two-forceps    method    for    ligation    of 
vascular  pedicles,  with  special  refer- 
ence to  nephrectomy,  355 
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Ulcer,   cancerous,    of    tongue,   tuber^ 
culous  ulcer  of  tongue  and,  differ- 
entiation, 9 
complicating  varicose  veins,  661 

Ochsner's  treatment,  664 
duodenal,  bacteriology  of,  58 
bulbar  deformity  as  sign,  220 
chronic,  234 

chronic   ulcer  of  stomach   and, 
differentiation,  175 

closure  of  pylorus  in  operations 
for,  245 

complications  of,  181 

diagnosis  of,  243 

essential  factors  in,  174 

etiology  of,  240 

frequency  of,  236 

heat  in  etiology  of,  240 

hemorrhage  in,  177,  180 

infection  theory  of  cause,  240 

intermittency  of,  244 

location  of,  242 

pain  in,  175,  176,  180 

perforation  in,  242 

recurrence    of    symptoms    after 
operation,  245 

situation  of,  181 

stitch  ulcer  after  operation  for, 
245 

symptoms  of,  243 

treatment  of,  244 

ulcer   of   stomach   and,   pyloric 
veins  in  differentiation,  241 
clinical  syndromes,  185 
diagnosis  of,  198 
hemorrhage  in,  189,  200 
notes  on,  184 
pain  in,  188,    190,    191,    192,    199, 

206 
perforation  in,  190 

symptoms  of,  201 
regular  type,  185 
symptoms  of,  198 
ulcer  of  pyloric  end  of  stomach  and, 

differentiation,  212 
vomiting  in.  189,  199 
x-rays  in  diagnosis  of,  200,  220 


Ulcer,  duodena],  x-rays  in  diagnosis  of, 
value  of  history  and  clinical  data 
in.  233 
gastroduodenal,  bacteriology  of,  58 
gastrojejunal,  after  gastro-enterosto- 
my,  156 
retained  suture  material  as  cause, 

172 
roentgenologic  aspects,  156 
surgical  aspects,  156 
jejunal,  after  gastro-enterostomy,  156 
of  lesser  curvature  and   antrum  of 

stomach,  212 
of  posterior  wall  of  stomach,  216 
of  pyloric  end  of  stomach,  209 

cancer  and,  differentiation,  209 
duodenal  ulcer  and,  differentia- 
tion, 212 
Rodman*s  operation  for,  212 
of  stomach,  204 
bacteriology,  58 
Balfour's  treatment,  213 
bile  in  production  of,  94 
carcinomatous  change  in,  206 
cautery  in  treatment  of,  213 
chronic,  chronic  duodenal  ulcer  and, 
differentiation,  175 
complications  of,  181 
diagnosis  of,  essential  factors  in, 

174 
duodenal  ulcer  and,  pyloric  veins 

in  differentiation,  241 
hemorrhage  in,  177,  180 
pain  in,  175,  176,  180 
situation  of,  181 
clinical  syndromes,  185 
diagnosis,  198 
disturbed  circulation  in  production 

of,  72 
following  removal  of  adrenals,  87 
gastric  juice  in  production  of,  72 
hemorrhage  m,  189,  200,  204 
innervation  in  production  of,  73 
large,  215 
notes  on,  184 

origin     of,     trophic     element     in, 
70 
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Ulcer  of  stomach,  pain  in,  188, 190, 191, 
192, 199, 200,  206 
pathogenesis  of,  276 
perforatmg,subphremc  abscess  asso- 
ciated with,  306 
perforation  in,  190,  204 

symptoms  of,  201 
symptoms,  198,  200 
trophic  element  in  origin  of,  70 
vomiting  in,  189,  199 
x-rays  in  diagnosis  of,  200 
stitch,  after  operations  for  duodenal 

ulcer,  245 
tuberculous,  of  tongue,  6 

cancerous  ulcer  and,  differentia- 
tion, 9 
Ureteral  calculus,  327 

diagnosis,  sources  of  error,  332 
hematuria  in,  329 
localisation,  333 
occurrence,  335 
pain  in,  localization  of,  327 
palpation  of,  330 
sources  of  error  in  diagnosis,  332 
treatment,  331 
urinalysis  in,  329 
vesical  irritability  in,  329 
a;-rays  in  diagnosis,  832 
Ureters,  management  of,  after  nephrec- 
tomy for  tuberculosis,  361 
non-surgical    infection,    bacteriologic 
examination  in,  340 
clinical  reWew,  336 
cystitis  in,  339 

cystoscopic  examination,  338 
frequency  of  urination  in,  337 
functional  tests  in,  339 
hematuria  in,  337 
pain  in,  337 
pyelogram  in,  839 
treatment  of,  341 
Urinalysis  in  diagnosis  of  perinephritic 
abscess,  316 
in  ureteral  calculus,  329 
Urination,  frequency  of,  in  non-surgical 
infection   of    kidneys    and    ureters, 
337 


Urine,    bacteriologic    examination    of, 
in  diagnosis  of  perinephritic  abscess, 
316 
Urogenital  organs,  309 
Uterus,  cancer  of,  abdominal  hysterec- 
tomy for,  386 
inoperable,  treatment  of,  389 
operations  for,  relative  merits,  885 
vaginal  hysterectomy  for,  387 
Wertheim*s  operation  for,  386 


Vacx^ine  treatment  of  chronic  empyema, 

627 
Vaccines  in  non-surgical  infection  oi  kid- 
neys and  ureters,  341,  342,  343 
Vaginal    hysterectomy    for   cancer    of 

uterus,  387 
Varicose  veins,  660 
etiology,  660 

Mayo's  (C.  H.)  operation  for,  662 
operative  treatment,  662 
post-operative  treatment,  668 
preoperative  treatment,  662 
selection  of  cases  for  operation,  661 
skin  in,  661 
ulcer  complicating,  661 

Ochsner*s  treatment,  664 
Vascular  pedicles,  ligation  of,  two-for- 
ceps  method,   with  special   refer- 
ence to  nephrectomy,  355 
spasm,  82 
Veins,  pyloric,  in  differentiation  of  ulcer 
of  stomach  and  duodenal  ulcer,  241 
varicose,  660 
etiology  of,  660 

Mayo*s  (C.  H.)  operation  for,  662 
operative  treatment,  662 
post-operative  treatment,  668 
preoperative  treatment,  662 
selection  of  cases  for  operation,  661 
skin  in,  661 
ulcer  complicating,  661 

Ochsner  s  treatment,  664 
Vermiform  appendix,  perforation  of,  294 
Vesical  irritability  in  ureteral  calculus. 
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Vesical  symptoms  as  result  of   extra- 
vesical  cause,  324 
inflammatory  extension  as  cause, 

325 
malignant  involvement  as  cause, 

3«5 
mechanical  obstruction  to  urinar}' 

flow  as  cause,  325 
pressure  of  tumor  as  cause,  324 
significance  of,  in  diagnosis  of  pye- 
lonephritis, 321 
of  renal  calculus,  323 
conditions,  320 
tuberculosis,  320 
Vesicovaginal  fistula,  small,  Amyx's  ope- 
ration for,  373 
repair  of,  373 
Visceral  crises  in  angioneurotic  edema, 

823 
Vomiting  in  duodenal  ulcer,  189,  199 

in  ulcer  of  stomach,  189,  199 
Von   Jaksch\s  disease,  splenectomy  in, 
522 


Waldeyer's  tonsillar  ring,  594 
Wandering     spleen,    splenectomy    in, 

515 
Wa^ermann  test  in  syphilis,  836 
Water-trap  stomach,  103,  115 
Weight,  loss  of,  in  malignant  metastasis 

in  lungs,  611 
Wertheim's   operations   for   cancer   of 

uterus,  386 
Wilms*  operation  for  chronic  empyema, 

629 
Wolff-Gartner  ducts,  888 
Wounds,  gunshot,  of  abdomen,  292 
Wyeth's  treatment  of  cirsoid  aneurysm, 

564 


X-RAT  determination  of  gastric  motility, 
96,  100 
application  of  test,  112 
examination     of     gall-bladder     and 
hepatic  ducts  after  perforation  into 
duodenum,  247 
in  diagnosis  of  cancer  of  stomach,  123, 
202 
alteration  of  pyloric  function, 

130 
altered  motility,  132 

size  and  capacity  of  stom- 
ach, 133 
carcinomatous  ulcer,  137 
displacement  of  stomach,  134 
early  cancer,  139 
fillmg  defects,  125 
fungous  type,  135 
gaping  of  pylorus,  131 
interpreting  signs,  141 
latent  cancer,  139 
lessened  flexibility,  133 

mobility,  133 
mucoid  type,  137 
operability,  137 
peristalsis,  131 
pyloric  obstruction,  131 
scirrhous  t>T)e,  136 
of  diseases  of  duodenum,  196 

of  stomach,  196 
of  duodenal  ulcer,  200,  220 

value  of  history  and  clinical 
data  in,  233 
of  gastrojejunal  ulcers,  156 
of  metastatic  malignancy  in  lungs, 

606 
of  perinephritic  abscess,  317 
of  ulcer  of  stomach,  200 
of  ureteral  calculus,  332 
in  Mikulicz's  disease,  51 
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